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(Paper No. 2490.) 


“ Auxiliary Engines in connection with the Modern 
Marine Engine.” 


By Wituiam Henry Aven, Assoc. M. Inst. C.E. 


Ons of the most striking features in the development of the marine 
engine has been thegntfoduction of auxiliary engines. Formerly 
not only was the whole of the propelling power derived from one 
engine, but all the arrangements for dealing with the steam 
were concentrated in it; whereas in the present day the work is 
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divided among a gumber of separate and highly specialized 
machines, each having its own definite function, upon the due 
performance of which depends the working of the whole. 

The year 1840 marks an epoch in the history of the marine 
engine, when the inverted-beam, or side-lever, engine took sub- 
stantial form. An interesting extract from a specification of that 
time reads: “Boilers fo be proved by water-pressure to not 
less than 14} Ibs. at bottom of boiler, and shall be capable of 
generating sufficient steam at not less than 7 lbs. pressure to fill 
the cylinders for eighteen double strokes per minute with the 
passages open.” 

el'hen followed the oscillating and the horizontal engines, and 
these were the principal forms of marine engine in vogue up to 
the year 1860, both having low-pressure steam, scarcely ever 
reaching 50 Ibs. per square inch. Later on the fact was recog- 
nized that high-pressure steam was more suitable and economical, 
and probably the Paper read before the Institution by Mr. Alfred 
Holt, in 1877,' had considerable influence on the minds of marine 
engineers. Since the beforo-mentioned date the overhead form of 
compound engine, with initial pressures of from 80 to 100 Ibs. 
and expanding either in two or in three cylinders, has been 
adopted, and from about the year 1884 to the present time the 
triple-expansion engine has been the accepted form. 

With higher pressures came the necessity for a surface-condenser, 
and thus began the separatin of the condensing-plant and the 
introduction of circulating-engines. Now, most large main engines 
consist simply of the cylinder frame-work and ordinary working 
parts; the air-pump, circulating-pump, reversing-engine, feed- 
pump, and the turning-engines, being entirely separate from the 
main engines. The advantages which this arrangement possesses 
are manifest, as it would be almost impossible to construct large 
engines such as are now made, running at from 850 to 900 feet 
piston-speed per minute, and occupying such small compass, unless 
the condensing-power were separate. 


CrrcuLaTinc-Pump ENGINE. 


The earliest auxiliary introduced into the engine-room was 
the circulating-pump engine in combirtatiqgn with the surface- 
condenser. One of the first fleets of steamers on which this 


1 Minutes of Proceedings Inst. C.E., vol. li. p. 2. 
wW 
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arrangement was adopted was that of the White Star Line, in- 
cluding the “ Oceanic” and two sister shipsythe former of which 
made her maiden voyage in 1871. Several difficulties occurred 
owing to makers of centrifugal-pumps advocating engines running 
at speeds which were not justified by experience. The result was 
that some of the earlier centrifugal-pumps had to be withdrawn 
and replaced by others containing larger disks for lower speeds. 
The mistake was probably due to the fact that the custom on land 
had been to work centrifugal-pumps by beltsat an extremely high 
rate of speed, no direct-acting pumping-engines having then been 
properly designed, but as soon as it was recognized and corrected 
no further difficulty was experienced. When the “ Arizona’ was 
built in 1878, lower speeds and more suitable engines were adopted, 
and the auxiliary engines of this boat, after a period of twelve 
years, are still in good working order. The form of circulating- 
engine adopted for driving these pumps was in harmony with the 
design of the main engines, namely, the inverted cylinder, with 
cast-iron standard and columns, and this type has been used in 
all the largest steamers until it reached its maximum size when 
the “Umbria” and “ Etruria” were built. The large circulating- 
pumps on board the “Umbria” and “Etruria” are shown in 
Plate 1, Fig. 1. They are 20 inches in diameter, and are each 
capable of discharging 9,000 gallons per minute at a speed of 
110 revolutions, being driven direct by engines having cylinders 
15 inches in diameter hy 12 inches stroke, taking steam from the 
main boilers at 110 Ibs. pressure and exhausting into condensers. 
main engines indicate close upon 15,000 HP., requiring 

2 gallon per indicated HP. when the engines are developing 
ae full power. This may be taken as the fiXed ty pe of cir- 
culating-engine since 1884, 

Subsequently, when steam-pressures were increased to 150 Ibs. 
in triple-expansion engines, it was thought desirable that the 
circulating-pumps should have compound engines, to effect 
wreater economy. The first large boats fitted on this principle 
withi triple-expansion main engines were the “Aller,” “ Trave,”’ 

and “ Saale,” of the North German Lloyd, the circulating-engines 
of which are shown in Fig. 2. These consist of two 16-inch 
pumps, each driven by twin engines having cylinders 8 inches 
and 16 inches in diameter by: 10 inches stroke, capable of 
circulating water fdr condensing the steam of engines of 7,000 
HP. at 120 revolutions. Hach pump delivers at this speed 
4,000 gallons per minute, which gives a quantity of about 
1°1 gallon per indicated IIP. It will be readily seen that with 
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the full botler-pressure of 150 lbs. the cylinders of these engines 
are far too large fog the ordinary work of circulating; but in 
explanation of their capacity it should be pointed out that as it 
was usual to connect the centrifugal pumps with the bilge, it was 
necessary to make the engines not only sufficiently powerful for 
circulating, but also capable of working against a head equal to the 
depth of the bilge. For this reason the compound engines had to 
be designed for nearly three times the power which would other- 
wise have been sufficient. The diagram, Fy. 1, is taken from 


dig. 1. 
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these engines, and it will be seen that the power required for 
circulating is only 13°82 indicated HP., whereas the engines are 
capable of indicating 90 HP. when dealing with the full capacity 
of the pump and total depth of bilge of 25 feet. This fact gave 
rise to the question as to whether a more efficient form of engine 
could not be devised, which would be large enough for bilge- 
purposes, and yet economical in its action when circulating. 
Accordingly the same form of engine which was used in the 
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‘‘Umbria” has been employed in the new Hamburgt American 
steamer “ Normannia,” also the Castle Ling “ Dunnotar Castle,” 
Fig. 3; but instead of using the steam from the boiler at a 
pressure of 160 Ibs. for driving the circulating-engines, it 1s taken 
out of the high-pressure steam-receiver, and having done its 
work of circulating, is passed into the low-pressure steam-chest of 
the main engines. Thus a form of expansion has been obtained 
which is economical in the use of steam as well as in the first 
cost of the engine, while for the purpose of pumping the bilge, 
when the main engines are stopped, an auxiliary steam-pipe 
connects the engine with the main boilers. 

The quantity of water generally used for circulating-purpofs 
has of course decreased with the reduction of water evaporated per 
indicated HP. per hour. Thus, with from 25 to 30 lbs. per in- 
dicated HIP. per hour the circulating-engines were required to 
give as much as 15 to 20 Ibs. of water per minute for surface 
condensing, while with the triple-expansion engines, which use 
only 15 to 18 lbs. of water, the regular quantity seldom exceeds 
10 Ibs. It will be seen, therefore, that the “ Arizona,” indicating 
6,000 HP., required 15 Ibs. of cooling water per HP. per minute ; 
the “Umbria,” of 15,000 HP., built in 1884, 12 lbs.; and the 
“Aller” class, built in 1886, triple-expansion, indicating 7,000 
HP., required 11 Ibs.; and in the “ Normannia,” built in 1889, 
there are two engines indicating 13,000 HP. which use about the 
same quantity. It is found that the quantity of condensing-water 
is a matter of some consideration, as a difference in temperature 
above or below the normal pvint is detrimental to good working. 
Should the surface not be enough, or the condensing water be 
insufficient in quantity, then the vacuum obtained will be lower 
than that desired; whereas, on the other hand, if the circulating 
pumps deliver too much water the condensed steam is reduced 
to a temperature below that at which it is economical to return 
it to the boiler. 

So far as the Author knows, no experiments have been carried out 
on the condensing-plant of marine engines, and consequently the 
data for regulating the size of the machine must be those obtained 
from practice. The Author has found the friction of the con- 
denser-tubes, together with the velocity of entrance, as well as 
the friction of the circujating-pipes themselves, to be equivalent 
to a head of from 5 t6 10 feet; that is to say, that in calculating 
from the speed of the centrifugal pump, as well as the quantity of 
water known to be delivered at this speed, from 5 to 10 feet is 
the range of pressure against which it is necessary to work. 
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Comparing’ the quantity of water discharged with the indicated 
HP., the efficiency at ¢his head, and with the moderate number of 
revolutions at which they are operated, has been found to be 
50 per cent. This result was with a velocity of water of from 
9 to 10 feet per second through the circulating-pipes, which accords 
with the common practice in the merchant service. In the Navy 
much higher velocities have been used, in some instances 15 feet 
per second, but the effect of this must be to considerably diminish 
the duty of the centrifugal-pump. The above efficiency must be 
considered fairly good when the large range of power for which 
the engines are constructed is taken into consideration. 

Safety of working in this department of a twin-screw marine 
engine is in a large measure assured by cross-connecting the cir- 
culating-pumps, so that in case of emergency either of them could 
be employed for condensing the steam from both engines. This 
method, which has been recently carried out in the new mail boats 
“Empress of India” and two sister vessels for the Canadian Pacific 
Railway Company, is shown in Plate 1, Figs. 4 and 6. In this 
ship, which is divided by a longitudinal bulkhead in the usual way, 
the circulating-pumps are attached to both condensers by cross- 
connecting with a system of valves. Kach pump is provided with 
two engines, either of them being powerful enough to supply 
its own condenser, and the two together capable of working the 
pump at a sufficiently accelergted speed to provide water for both 
condensers. This method has also the advantage of keeping down 
the area of the cylinders for circulating, while still retaining full 
power for bilging. 

The Author recommends that for steamers having horse-powers 
ranging from 6,000 upwards, the speed of the centrifugal-pumps 
for circulating-purposes should not be less than 150 revolutions 
per minute, a lower speed only adding to the weight and bulk 
without having any advantage. In some instances the Author has 
noticed that the main engines, with strokes of 5 or 6 feet, have been 
travelling at a higher number of revolutions than the compara- 
tively small centrifugal pumping-engines, with strokes of only 
10 to 12 inches, which is an evident anomaly. As it is quite 
possible to make such engines work with certainty at 150 or 180 
revolutions per minute, there can be no reason why the above- 
mentioned speed should not be adopted. ‘These remarks apply 
only to the Mercantile Marine, for in the Navy the question is 
somewhat different ; there the engines are only required to develop 
their maximum power on trial trip or on special occasions, and the 
pumps can then be readily worked up to 250 to 300 revolutions 
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per minute; while the normal speeds, when the engihes are only 
indicating half power, will fall under 200 rgvolutions. 

The custom of duplicating auxiliary engines seems now to 
have entirely fallen into disuse, past experience having proved it 
to be a totally unnecessary practice, not only increasing the first 
cost, but necessitating the carrying of so much dead weight to no 
purpose. If the circulating-engines are well made, there is no 
more occasion to duplicate them than the main engines. 

Probably no better instance can be given of the regular running 
of ships with single circulating-pumps, than that of the New 
Zealand Steamship Company’s fleet of the “Tongariro” class, 
4,500 HP., fitted with single 15-inch pumping-engines in 1883, 
Fig. 5. These vessels have been running ever since without any 
break-down or stoppage. 

There has been considerable difference of opinion as to whether 
centrifugal pumps should be made entirely of gun-metal, or of 
cast-iron, or with cast-iron casing and cancel disk. The 
Author’s experience with cast-iron disks and casings is entirely in 
their favour, as, in many cases which have come under his observa- 
tion, the pumps have shown no sign of corrosion after being at 
work for fifteen yoars. On the other hand, centrifugal-pumps 
made with gun-metal disks and cast-iron casings, have shown 
considerable pitting’ in the latter, after being at work for a few 
years, no doulst from galvanic actiop set up by the contact of the 
salt water with the two different metals. 

In connection with centrifugal-pumps several instances have 
come undor the Author’s notice where circulating- pumps have 
given considerable trouble through a reduction in the area of the 
suction-pipes, valves, and gratings. As a centrifugal-pump, in 
order to work with advantage: oaid have its full area of pipe 
kept open all through the system, it becomes necessary that the 
inlet should in every case be quite free, and that nothing should 
be allowed to enter the pipes which would be likely to choke 
the passage, such as seaweed or other matter. This has frequently 
occurred through neglect, and too much care cannot be taken to 
prevent it. 


Air-Pumpe ENGINEs. 
2 


The practice of entirely disconnecting the air- and feed-pumps 
from the main engines, and working them by their own steam 
‘eylinders, has not beep universally adopted, but there are several 
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instances of such separate sets of engines giving great satisfac-. 
tion. A diagram of,one of these is shown in Fig. 7. In it 
the air-pumps are below, and are worked direct from the cross- 
heads, the steam-cylinder being inverted. On either side are 
placed feed- bilge- and sanitary pumps, the machine being thus 
thoroughly balanced in all its movements. A crank-shaft is 
employed, having ordinary connecting-rods, with flywheels at 
each end, so that the motion is tolerably steady. One of the best 
examples of this kind of work is to be found in the s.s. “ Nor- 
mannia”” of the Hamburg-American line. In this case the 
cylinders are not triple-expansion, but receive their steam from 
the high-pressure steam-chest of the main engines, and exhaust 
into the low-pressure steam-chest of the same, thus using the steam 
expansively and without much loss. The arrangement shown is 
extremely compact in itself, and the system is very convenient in 
engine-rooms provided with twin engines, where space is limited, 
and there is not room for the air-pumps to work in the ordinary 
way. 

The advantage which this class of auxiliary engines possesses 
consists in the fact that the pumps can always be started before 
the main engines, and thus by the use of separate centrifugal- 
pumps in addition, a vacuum can be produced ready for the first 
stroke of the main engine. ‘This method has:also been employer 
where new engines of larger size have been introduced into old 
boats, in which lack of space has compelled the designers to seek 
some other way of working the air-pumps than by having them 
connected with the main engines, as, for instance, in the London 
and North Western Railway Company’s boats “Lily,” and 
“Violet.” " 


AUXILIARY ComBINED Pumpring-IENGINEs. 


For creating a vacuum in the auxiliary condenser, the combined 
alr-pump and centrifugal-pump, shown in Fig. 8, is a useful 
appendage in the marine engine-room. By increasing the 
diameter of the disk of the centrifugal-pump, the revolutions can 
be reduced so that the air-pump can be made to run without any 
difficulty. The maximum speed for which these pumps have 
been made to run is 250 revolutions per minute. 


it 
W 


Fans ror Forcep Drauaur. 


The keen competition which now exists among steamship 
companies, and the consequent demand fo» higher speeds, has 
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made it almost a necessity to employ artificial draughtin order to 
provide sufficient air to burn the required guantity of coal on a 
reduced grate-area. A trial of induced draught by jet-nozzles not 
having met with the success which was anticipated, the method 
seems now to have been more or less discarded. The different 
methods of applying forced draught which have come under the 
Author's notice are the closed ashpit system with -cold air, the 
closed ashpit system with hot air, the air being passed through 
tubes in the smoke-box, the closed stoke-hold system, as uni- 
versally employed in the Navy, and the open stoke-hold system, 
in which the fans are employed for assisting the draught. In 
all cases the centrifugal-fan appears the best means of provid&g 
the necessary air-pressure. 

The Author believes that the first application of fans for forced 
draught was made ly the late Mr. Thornycroft, on one of the early 
experiments with fast-running boats. During the last eight years 
the adoption of fans in mail steamers and in the Navy, has 
gradually become universal, the Author alone having fitted as 
many as six hundred sets during the last five years. The first 
fleet of steamers of any size in constant service fitted with fans 
was the City of Dublin Mail Steam Packet Company’s line, running 
between Holyhead and Dublin; forced draught was introduced on 
these in 1883, and it has since been applied to each of the Company’s 
steamers, eight fans being placed in the first and each succeeding 
vessel. The use of these machines has led to the shortening 
of the passage by at least half an hour, and has in every way 
rendered steaming more easy. 

The success of this work gave an impetus to forced draught in 
coasting steamers, aud it has been applied in nearly every instance 
to new passenger vessels, as well as to a number of old vessels at 
present working round the coast. The several fleets of steamers 
which have been fitted by the Author with direct-acting fans 
during the last six years are as follows:—The boats running 
between Belfast and Glasgow, the Liverpool and Isle of Man 
boats (4), Liverpool and Llandudno (2), Holyhead and Dublin (4), 
City of Dublin Steam Packet Company’s (5), London and 
North Western new steamers (2), Great Western boats, running 
between Weymouth and the Channel Islands (3), Brighton and 
South Coast boats runging between Newhaven and Dieppe (2), 
Chatham and Dove boats running between Dover and Calais (3), 
and the Netherlands Steamship Company’s boats running between 
Queenborough and Flushing (4). From this list it will be seen 
that all the principal lines of passenger steamers running from 
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England té neighbouring shores have been fitted with fans for 
forced draught. ) 

Fig. 10 shows the form of fan and engine supplied to the City 
of Dublin Steam Packet Company’s boat “Ireland,” there being 
four fans of a diameter of 7 feet 6 inches, each capable of delivering 
50,000 cubic feet of air per minute for a HP. of 6,000. 

Fig. 11 represents eight sets of 7-foot fans driven direct, as 
fitted on the passenger steamer ‘ Mona’s Isle,” for the Isle of Man 
service, each set of which is capable of delivering 40,000 cubic feet 
of air per minute. 

The above refer to coasting or channel steamers only. Forced 
drfught, however, has by no means been confined to coasting 
steamers, as recently all the Atlantic lmers, as well as some boats 
trading to Australia, have been equipped with assisted-draught 
fans of various kinds. 

Fig. 12 shows the form of fans employed in the China line of 
steamers of 3,000 HP. They were made of rather large diameter, 
for giving only light pressures in the stoke-hold, so that they 
might run from Liverpool to China without stopping, and 
without fear of accident. They are 6 feet 6 inches in diameter, 
and are capable of delivering 20,000 cubic feet of air per minute, 
and fitted with tandem engines, having cylinders 7 inches and 
12 inches diameter, by 7 inches stroke. They have been at work 
for the last six years, and the pwners are adding duplicate sets to 
their new fleet. A convenient method of fixing fan-engines to 
bulkheads is shown in Fig. 9, being one of five in the p.s. 
“« Adder.” 

The application of fans, however, may have a twofold purpose, 
namely, to enable more coal to be burnt im a given time, and 
also to reduce the temperature of the stoke-hold, which is always 
a desirable object. 

Fig. 13 shows a set of fans which have recently been placed 
by the Author on the “ Majestic” and the “ Teutonic” for this 
purpose, and have been the means of considerably increasing the 
speed of these vessels. They are above deck, and are used for 
providing air for the forced draught below. They are 7 feet 
6 inches in diameter, and each is capable of delivering about 
50,000 cubic feet, making in all 200,000 cubic feet of air 
delivered per minute in each Vessel. he fans are driven by 
engines having cylinders 6} inches and 13’inches diameter, by 
8 inches stroke, with 180 lbs. of steam taken direct from the 
boiler. They run at 250 revolutions per minute, and work steadily 
without vibration. The last and probably most important example 
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of the introduction of forced draught into the Atlantic Steamers, is 
that of the s.s. “ Normannia,” 13,000 HP., the stoke-holds of which 
are provided with twelve sets of single inlet fans, each driven 
by a tandem compound engine of economical form. When it is 
considered that the weight of these twelve fans is only 6 tons, 
and the advantages obtained by the reduction in the weight of 
the boilers are taken into account, as well as the accelerated 
speed, it will be seen how great a benefit arises from the intro- 
duction of forced draught when used for moderate pressures. At 
present there is no general consensus of opinion on the subject of 
forced draught, and it would appear that every system requires a 
different quantity of air and a different pressure; but as regatds 
quantity, it is safe to take as a liberal allowance 260 cubic feet of 
air per Ib. of coal, althongh, considering the waste, there is some- 
times in leakage, and through outlets where the air will probably 
find vent instead of through the fire, it may be prudent, under 
some circumstances, to add considerably to this amount. As an 
example of the different conditions which may be met with, it. 
may be stated that on one vessel of 8,000 HP., the Author fitted 
fans capable of delivering 200,000 cubic feet of air per minute, 
and in another, indicating 13,000 HP., the fans provided 130,000 
cubic feet per minute only, with equally good result. 

At present the pressures for forced draught vary from 4 inch 
of water upwards, according to the system, but, until further 
progress is made in high-pressure boilers, the Author is of opinion 
that a pressure exceeding 7 inch of water in the ashpit is not 
advisable, involving, as it does, leakage in the tubes, and other 
troubles. Experiments, both in England and abroad, show that 
the large variation in the quantity of air required in the different 
systems makes it almost impossible to give any proper rule. An 
instance of this may be found in the introduction of forced 
draught in the Queenborough and Flushing boats, the fans sup- 
pled to the last few steamers being 18 inches less in diameter 
than the earlier ones, with equally good results. It may be 
observed that these fans are employed only for assisted draught. 
Considerable benefit, however, has been obtained with even these 
small fans, particularly when the wind is abaft the funnel, as it 
is then that the stokers find the greatest difficulty in maintaining 
their pressure. The sage may Be said about the steamers which 
travel in the trade-Winds, many of which are being supplied with 
fans for providing air when going with the wind. 

All the fans above mentioned are driven direct from their own | 
engines, and are wnder the control of the engineer. Belt- 
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driven fanseare not suitable for steamship purposes, it being 
impossible to work a high-speed belt properly when it is placed 
longitudinally with the ship, which is generally the most con- 
venient arrangement. This, together with the proximity of 
dust and grease, renders the system an unsafe one. Seeing how 
readily engines and fans combined can be fitted into any corner, 
it is evident that direct driving is the best. 

There now is no difficulty in making large fans to run true within 
,jz inch in their diameter as well as sideways, for sizes up to 7 feet 
or 8 feet diameter. Considerable reduction has also been effected 
in the weight. The first large fans, constructed by the Author in 
188%, were 7 feet 6 inches in diameter, and weighed 28 cwt. each. 

By improvements in the construction, the present form, which is 
capable of working at higher speeds, and against heavier pressures, 
weighs only 16 cwt. This decrease in weight is not only a gain 
in itself, but assists greatly in keeping down vibration. 

All fans for high-speed engines should be bolted down to a 
substantial foundation. To bolt a high-speed fan against a thin 
plate bulkhead without supports will, in a great measure, tend 
to increase vibration, and will possibly fracture the base-plate. 
Experiments on this subject clearly show that solidity of founda- 
tion: is essential for engines of this class, 

It having been suggested by leading authorities that a central 
diaphragm would add considerably to the efficiency of the fan, the 
Author carried out a series of experiments on the subject, and 
satisfied himself that no benefit accrued from its introduction. It 
would at first sight appear that the two currents of air meeting 
in the centre would tend to destroy each other in a measure, but 
the trials proved that bosses having curved entrances to about 
the diameter of the inlet were in every way as efficient as if the 
diaphragm had been carried right through. 

The speed of fans depends upon their diameter and the amount 
and pressure of air required, but as it is limited by the maximum 
rate at which quick-running engines can be driven without exces- 
give wear and tear, a speed of from 250 to 350 revolutions per 
minute may be regarded as the safest and most satisfactory for 
engines running on long voyages. The efficiency of the combined 

fan and engine is not high, the maximum obtained by the Author 
in experiments on fans of from’ 4 feet 6 inches to 6 feet in 
diameter suitable for steamship purposes, beimg only 42 per cent. 
As, however, the power required for driving fans on large ships 
is but a small proportion of the whole, it is highly desirable to 
keep up the areas of the cylinders, so that, in the event of the 
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steam-pressure dropping, they may be sufficiently large-to maintain 
the full speed required by the fan until itis restored. For cal- 
culating the areas of the cylinders an efficiency of 35 per cent. 
would ensure the engines being of ample power. 

With regard to the velocity of the air, a good practice in calculat- 
ing the diameter of fans is to allow from 40 to 50 feet per second 
in the suction-orifice, when working at the speed mentioned above. 
This would permit a considerable margin in the capacity of the 
fan in case it should be required to give a large volume or a 
higher pressure at any time. 

The arrangement of the pipes leading from the fan to the closed 
ash-pitis of great importance. In several ships to which fans made 
by the Author have been fitted on board by the builders, the whole of 
the pipes had to be removed when the trials were ade, no pressure 
being obtained in the ash-pit, although a water-gauge indicated 
4 inches at the fan. This was entirely absorbed by friction, for it 
must be remembered that the pressures are at all times light, and 
will take very little to anuul them. The pipes should be of 
ample diameter and the bends should be made with easy curves, 
all angles and Z-pieces being avoided. 

The value of fans on board ships can only be appreciated | 
by those who have vone to sea with and without them. When 
used for forced dranght not only are the owners benefited by a 
result in many cases exceeding their expectations, but the comfort 
of the stokers is increased. If owners were to consider this more 
they would soon be convinced of the advantage of attending to the 
comfort and well-being of those engaged in the engineering depart- 
ment. 

The Author infers from questions put to a number of engineers 
that general opinion is in favour of the use of the fan, which has 
now rendered it easy to mainiain the steaim-pressure, and has put 
an end to the constant pricking and slicing which tended more 
than anything to knock up the stokers. 


REVERSING- ENGINES. 


At about the same time as centrifugal pumps were introduced, 
the auxiliary engine employed for the purpose of operating the 
reversing-links of the inain engines came into use. The form 
which was usually employ ed at first, and which is now common 
in small steamers, is that known as the “roundabout ” engine » 
(Fig. 15). It consists of an ordinary reciprocating engine having 
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a cylinder of from 5 inches to 8 inches diameter, working the 
ordinary wheel motion. The crank on the second shaft is connected 
either to the weigh-shaft of the main engines, or to the links them- 
selves, and arranged so that the links may be reversed ahead and 
astern. The reversing action takes place by turning the steam into 
exhaust by the ordinary central valve. For engines up to 1,500 indi- 
cated HP. where there is plenty of room, this arrangement answers 
the purpose well. Some engineers also prefer this plan on account. 
of its being very suitable for heating up the main cylinders before 
leaving port by starting the reversing-engine at slow movenient, 
when it will admit a small volume of steam on both sides of the 
maan piston, by the fact of the reversing engine bringing the links 
backwards and forwards from ahead to astern; also the engineer 
can leave the engine working in perfect safety, which cannot be 
done so well by any other system. While this form has generally 
been adopted for small engines, it has been almost entirely 
superseded in large engines during the last ten years by one in 
which the action is direct. This is known as the hydraulic revers- 
ing-engine, and isshown in Fig. 14. It consists of a steam-cylinder, 
the movement of the piston of which is controlled by a hydraulic 
oil-cylinder. This gives an exceedingly smooth motion to the 
weigh-shaft, and renders the engines capable of being controlled 
with ease, and what is often of great importance in an emergency, 
it is also much quicker in its action than the roundabout gear. 
Fig. 14 shows the reversing-engine as applied to the Pacitic mail 
steamers “ Orizaba,” “ Oroya,” “ Oruba ” and “ Oritava” ; it is bolted 
direct on to the back column of the main engine, the handle for 
operating the steam-and oil-valves being carried to the platform at 
the front. These reversing-engines are always fitted with auto- 
matic cut-off gear, which renders their adoption a matter of con- 
siderable convenience for the engineer in charge; for the move- 
ment of the small hand-lever which controls the steam-valve is 
followed by the motion of the reversing-engine only so far as is 
necessary, the automatic gear cutting off the steam and oil at the 
required position, so that when the engineer is called upon either 
to put his engine to full speed ahead, or half speed astern, or any 
other point, he knows that the links of the main engine will 
correspond to the position in which he places the handle. The 
automatic cut-off controlling-geax consists of a set of differential 
wheels and levers which are positive in action; they are either 
connected to the weigh-shaft or to the cross-head of the reversing- 
engine, and by links and levers to the valves on the reversing- 
engine. The operation of altering or reversing the position 


16 ALLEN ON AUXILIARY ENGINES IN (Minutes of 


of the links having been accomplished, the hydrauZic cylinder 
takes upon itself the function of a locking gear, its valve 
preventing oil from passing from one side to the other, and so 
securing the piston in the required position.. The action known 
as thrusting of the link-blocks is greatly lessened by the solid 
way in which the oil cylinder acts upon them. The hydraulic 
cylinder having a tail-end piston-rod has consequently the same 
capacity at each end, and the only leakage therefrom, which 
would be from the gland, is made up by the accumulator, Fig. 14. 
This accumulator is in connection with the hand feed-pump, 
which is a necessary adjunct to the reversing-engine, in order 
that the engines may be reversed by hydraulic power as 
well as by steam, as explained hereafter. It consists of a small 
cylinder with leathern piston pressed by a steel spring, the piston- 
rod passing through the top of the cylinder, and thus forming an 
index to its position inside. When any leakage occurs in the oil- 
cylinder of the reversing-engine, the piston of the accumulator 
follows the leakage and so keeps up the same pressure throughout 
the whole system. ‘The fact is immediately made known to the 
engineer in charge by the piston-rod of the accumulator, which is 
visible, having fallen, and it is at once made good by a few strokes 
of the hand-pump. Hence, if the hydraulic cylinder is properly 
looked after, the reversing-engine can be regarded with confidence 
as a means also of holding i links firmly in position when the 
engines are worked at full speed. 

This engine can be readily used for reversing the main 
engines by hand with the small hydraulic hand-pump connected 
with it. While steam is down the hydraulic gear can be used to 
reverse the main engines, as is often necessary when in port, thus 
making the arrangement very complete. The diagram Fig. 14 
shows the reversing-engines of the Royal Mail paddle-steamer 
‘“Treland,’ sailing between Holyhead and Dublin. Some idea 
of the power of these engines will be gained from the size of 
this reversing-engine, the steam-cylinder of which has a diameter 
of 324 inches, with a stroke of 43% inches, the operating piston- 
rod being as much as 4 inches in diameter. The motion of the 
reversing-engine is generally communicated to the weigh-shaft 

of the main engines by side rods, which can be arranged in the 
ordinary way, or with aslot-link between the hydraulic cylinder 
and the steam-cylinfer. 

Small reversing-engines are now being generally used in river- 
tugs. The difference between the aork of reversing the main 
engines by hand and that of actuating the starting-valve of the 
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reversing-engine is thoroughly understood by those in charge of 
such craft. | 

It is somewhat difficult to indicate a rule for determining the 
size of starting-engines, owing to the power required for reversing 
the main engines varying with the system of valves employed, 
piston-valves taking considerably less power to reverse than or- 
dinary slide-valves; but to enable comparisons to be made it may 
be mentioned that for compound engines indicating 6,000 HP., 
with steam-pressures of 100 lbs., the Author has fitted starting- 
engines with cylinders 20 inches diameter by 24 inches stroke, 
the main engines in this instance having piston-valves in the high- 
pressyre cylinder, and D-valves in the low-pressure cylinder. For 
engines of 7,000 HP. of the triple expansion type, having piston- 
valves for the high-pressure and intermediate cylinders and D-valves 
for the low-pressute cylinder, reversing-engines are provided having 
cylinders 20 inches diameter by 33 inches stroke. Tor engines 
of smaller power, say 5,000 HP., reversing-engines having 
cylinders 14 inches diameter by 20 inches stroke have sufficed. 
It is well, however, to have them larger than is actually required 
when working with the full boiler-pressure, as it is important that 
they should be sufficiently powerful to reverse the engines in port 
when only the donkey-boiler may be at work with a pressure 
of 80 Ibs. 

A further extension of the use of this form of steam and hydraulic 
power has been made in the engifie-room since the introduction of 
high-pressure steam. Instead of employing the ordinary screws 
for lifting the valves on the main steam-pipes, this is done by 
small steam- and hydraulic-gear placed on the steam stop-valve, or 
connected therewith from any part of the engine-room by the 
necessary levers, rendering the work of opening this large valve 
exceedingly easy. 


Exvectric-Licut ENGINES AND DYNAMOS. 


These are among the latest additions to the engines placed 
under the care of the sea-going engineer, but they have come into 
use so rapidly that it is now the regular practice to fit up cargo- 
Steamers as well as passenger-steamers with electric light. The 
difference in the comfort of a ship going to sea with electric 
light on board as compared with the use of oil-lamps can only be 
Judged by those who have had experience with both. A paper on 
this subject was read before the Institution by, Mr. Jamieson in 
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1884,! since which time considerable advances hawe been made 
in perfecting the dynamo and engine for ship work. In the 
interim, nearly every varicty of engine has been tried—turbine, 
three-cylinder, rotary, single- and double-acting, open and closed, 
high and low speed; but the general opinion appears to be 
that the double-acting engine, specially constructed for driving 
dynamos, is the form which, in the future, will find the most 
favour for marine work. 

At present electric-light machinery may be classed under two 
heads—namely, that specially suitable for Admiralty purposes, 
the highest economy and efficiency being the principal points in 
the specification, and that appropriate for ordinary memhant 
steamers, where a good sound practical engine and dynamo are 
looked for before economy, except probably in the best Atlantic 
liners, where compound engines of economical form may be found. 

The question as to whether dynamos should be driven direct 
from engines or by rope-gearing has, the Author thinks, been 
settled by the general adoption of the direct-working machine; 
and, when it is considered how desirable it is to dispense with any 
belting or gearing, where, as on board ship, oil, grease and water 
are sure to be present, the advantages of direct-driving become 
apparent. 

The engine used for Adiniralty work is shown in Fig. 16, from 
which it will be seen that it is of the compound form with twin 
engines. This form was constructed by the Author in 1885,and a 
drawing of the same was exhibited with Mr. Kapp’s paper on 
dynamos.* The twin form is equally advantageous both for high 
and low pressures, and single or compound engines, the effect 
being for one engine to entirely balance the ‘other, which at high 
speeds is most essential. As an instance of the endurance of 
engines of this class, the Author may point to three sets of his 
dynamos and engines fitted on H.M.S. “ Devastation” in 1884; 
which have been working constantly and regularly without stop- 
page, except when they have been changed over, at 300 revolutions 
per minute, with the full voltage and current. On the dismantling 
of this ship recently, in order to introduce triple-expansion engines, 
the dynamos and engines were transferred, with an ordinary over- 
haul, to another vessel of low steam-pressure, and this after six 
years of hard and continuous work. 

The speed oftAdmiralty engines for electric hghting is now 
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fixed at 320 fevolutions per minute. The diagram represents a 
dynamo capable of giving off 400 amperes at the regulation 
pressure of 80 volts when running at 320 revolutions, the engine 
having cylinders 8 inches and 14 inches diameter by 8 inches 
stroke. 

The Admiralty basis for testing engines of this class is a steam- 
pressure of 100 Ibs. per square inch, exhaust being made into the 
atmosphere, and at this pressure in engines made by the Author 
the consumption of water is 33-7 lbs. per HP. hour of output at the 
terminals of the machine. This form of engine and dynamo is a 
considerable improvement upon the earlier types. Until 1888 the 
quanfity of water generally taken with open engines was as much 
as from 40 to 42 lbs. per electrical HP. hour. 

Probably the British Admiralty has had more experience in 
dynamo-driving for steamships than any foreign government or 
private firm. Beginning many years ago with alternate-current 
machines driven by belt off the capstan, the high speeds of 
dynamos were brought down until they overlapped those of the 
engines. Some of the latter were tried at first at 800 revolutions 
per minute, of the three cylinder and rotary form; then the 
speed was gradually reduced to 250 revolutions for double-acting, 
and 350 to 400 for single-acting engines, until finally, at the 
present time, the question is settled in favour of the twin double- 
acting engine running at a speed of 320 revolutions per minute. 

The Author is of opinion that progress has been largely ac- 
celerated by the close specifications issued by the Admiralty, 
without which latent ability would not have been developed 
and such great -improvements effected in so short a time. The 
economy of engines and dynamos has been improved both by 
increasing the efficiency of the dynamo and by reducing the 
quantity of water required by the engine itself. Naturally, with 
a higher pressure of steam, combined with the use of the condenser, 
considerable reduction can be made on the above figure of 33 lbs. ; 
but it will be readily understood that as all engines are tested at 
Portsmouth on the lines specified above, a comparison can only be 
properly made under those conditions. It will also be seen that 
these engines have in themselves certain qualifications which give 
them an advantage over closed engines, namely, accessibility, 
simplicity, and economy, combined with he all-important one 
of durability. It must not be forgotten too th&t the twin engine 
with cranks at vpposite angles—such as is exclusively used at the 
Admiralty—has the advantage of working with considerably less 
vibration than the single-cylinder engine. . 

c 2 
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For the mercantile marine, however, an altogether different 
class of engine seems to be required. With the exception of some 
of the largest liners, nearly all vessels are now being fitted with 
single-cylinder direct-acting engines and dynamos, the object of 
the owners being to secure a machine which will run constantly 
without repair or breakdown, and one which can be readily 
understood by ordinary marine engineers, and repaired by them 
when necessary. 

The type of engine and dynamo usual in the mercantile marine 
is shown in Fig.17. The engine is of the inverted single-cylinder 
form connected direct to the dynamo without belting, and the 
whole is so constructed that any part can readily be rentoved. 
The essential features of this class of engine are :— working 
parts balanced as far as possible—low pressures on the bearings, 
obtained by large surfaces—and accurate workmanship. 

It may be mentioned that the practice for merchant vessels has 
hitherto been to work engines of this class at a speed probably 
higher than experience would justify. The Author is of opinion 
that for engines capable of lighting boats requiring 200 to 400 
lights, a speed of 270 revolutions per minute is one which can 
be maintained and relied upon without danger of breakdown, and 
at the same time it admits of a fair size being given to the 
engine and dynamo without excessive weight and space being 
occupied. 


GOVERNOR. 


One of the most useful additions lately mide to direct-acting 
sea-going dynamos is that of the fly-wheel governor. Until this 
improvement was effected it was necessary as a rule to watch the 
engine and dynamo in order to regulate its speed. It is absolutely 
necessary for marine work that the governor should be driven 
from the engine without the use of belting, as it seems impossible 
to keep belting from slipping, owing to the unavoidable splashing 
of oil and water. The usual practice when this occurs has been 
to take the belt off the governor, and work the engine without it, 
@ man standing by the stop-valve to regulate the voltage from 
time to time. This ig now obviated by the improvements which 
have been made intdiréct-acting governors. The Admiralty specifi- 
cations require that the speed shall be capable of regulation by 
hand while the engine is running, for which purpose the fly-wheel 
governor is inapplicable, and the ordinary ball and spring form 
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is generally employed, provided with hand-regulation. It is a 
further condition in the Admiralty specifications, that the 
momentary increase of speed and voltage, when the whole load is 
instantaneously thrown off, should not exceed 25 per cent. of the 
normal. 

For all ordinary purposes of merchant steamers, however, 
these conditions are not necessary, and a governor which will 
maintain a steady voltage independent of the steam-pressure, and 
the current given out by the dynamo, is one which finds most 
favour. The fly-wheel governor holds the eccentric in suspension, 
and regulates the stroke of the steam-distribution valve in accord- 
ance®with the work given out by the machine, and in the event 
of the full load being suddenly thrown off, prevents the speed of 
the engine from being increased more than 3 per cent. 


DyYNAMOS. 


The ship-lighting dynamo has been greatly improved of late, 
and the drum-wound armature machine, Fig. 16, is one which 
has been found to work satisfactorily. The armature consists 
of a cast-iron hub mounted on a steel spindle, having laminated 
plates for the core, the whole being drum-wound on the outside. 
Every part at all likely to get out of order is visible, and can 
be readily repaired by those wh have charge of the machine. 

The voltage at which the Author has found it most convenient 
to work in merchant ships is 60 volts, which is suitable for 
glow-lamps as well as for projectors. 

It will be borne* in mind that most of the auxiliary engines 
placed on the lower platform have to work in temperatures varying 
from 90° to 120°, and hence it becomes necessary that the dynamo 
used for shipwork should heat as little as possible above such a 
normal temperature. The Author’s experience is that dynamos can 
be readily made with the cooling surface, and the rate of develop- 
ment of heat so proportioned that neither armature nor field 
magnet rise more than 50° Fahrenheit beyond the temperature 
of the surrounding air after a run of six or seven hours. At the 
above temperature, therefore, there can be no difficulty in making 
engines and dynamos to fulfil theiy duties 1 in as efficient a way aa 
any of the other machinery in the engine-room. e 

Bearing in mind that the electric-light engine has generally to 
work harder and longer than any other in the ship, the light 
being required both when in port and when af sea, the matter of 
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economy is of some importance. This will no doubt, have further 
consideration at the hands of shipowners. The efficiency of ordinary 
ship-lighting dynamos, with double-acting engines, is consider- 
able, reaching in some cases as high as 83 per cent. It will be 
observed from the Table in the Appendix that the efficiency of 
dynamos of the ordinary mercantile form is over 81 per cent. 
This result has been obtained from a number of machines of 
similar size. The curve, Fig. 2, shows the efficiency of engine and 
dynamo combined, from no load to full load. 


The above description of auxiliary engines does not by any 
means exhaust the list of those which are to be found in the 
marine engine-room of the present day, as mention should be 
made of the present form of feed-pump, which is generally of the 
duplex pattern, without fly-wheel ; also the evaporator with Weir’s 
hot-water feed-pump; the refrigerating-apparatus, which has 
generally the horizontal compound engine, with air-pumps opposite 
to the same; the steering-gear which is sometimes placed in the 
engine-room; the small engine for turning the engines round 
when in port; the distilling-machinery; the air-compressors, 
when the cabins are ventilated by nozzles; and the ash-hoists. 
The Paper has, however, extended so far that it would be impossible 
to embody all the details of these engines, and the Author has there- 
fore preferred to confine himself to the four classes which have 
come within his own experience. ¢ 


The Paper is accompanied by drawings, from which Plate 1 and 
Figs. 1 and 2 have been prepared. 
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Discussion. 


Mr. W. H. ALLEN said that the Paper was entirely of a practical 
nature. He regretted that he had not been able to add the result 
of experiments; but those who knew the marine world would 
know the difficulty of getting ships for the purpose. He had 
supplied many such engines, but had never been able to get an 
opportunity of testing them. The committee of a kindred Institu- 
tion were now engaged on this subject, and he hoped they would 
be successful in getting boats for the purpose of carrying out 
their investigations. He hoped that the Paper would afford scope 
for good discussion. : 

Mr. P. W. Witians said he had not had much to do with 
auxiliary engines for marine work, except those connected with 
dynamo driving; but as the Author had devoted a good deal of 
the Paper to that branch of the subject, there were a few points to 
which he should like to call attention, especially as the somewhat 
important question had been raised with regard to the relative 
advantage of single- and double-acting engines, with the design 
and manufacture of the former of which he had been connected 
for some time. Marine work was of a very peculiar nature, and 


manufacturers had usually no offportunity of learning anything 


as to the efficiency of their engines after they had once been 
fixed on board ship. They knew very little more about them in 
five years’ time than they did at the outset; so that whatever 
tests they wished to apply must be made before the engines went 
on board. In addition they had to do with a curious class of 
men in those who drove the auxiliary engines. It was not as 
though the chief engincer had to deal with them—they were often 
in the hands of inexperienced men. It did not matter much what 
class of men they were, whether skilled or not; in fact, his own 
experience had shown him that the best men to drive engines for 
electric lighting were gardeners. What was wanted was men who 
were capable of doing what they were told, and willing simply to 
carry out their instructions. Such difficulties as he had encountered 
in connection with closed engines on board ship he had very 
rarely met with op lahd. They had been almost entirely of two 
kinds. First, difficulties caused by the enormous quantity of 
water found in auxiliary steam-pipes on board ship; and secondly, 
difficulties due to,the imperfect understanding of the use of 
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the oil-chamhker in which the cranks ran, and |to carelessness in Mr, Willans, 
not seeing that the lubricating mixture was replenished and in 
proper order. The first of the two difficulties mentioned above, 
viz., water, had been met in his case by the use of steam 
separators and by a more efficient system of escape-valves, so that 
it was now found possible to discharge suddenly into the steam- 
pipe of an engine running at 400 revolutions per minute a 
cubic foot.of water, without any bad result. The second, viz., 
the quality of the lubricating mixture in the crank chamber 
depended solely on those in charge of the engines. On land 
practically no difficulties of this kind were-now experienced, and 
by degrees, as the advantages of this system of lubrication both in 
economy of oil and of attendance were realized, he had no doubt 
that it would be more generally adopted on board ship. Te could 
think of no courge more likely to lead to this result than the use 
of open double-acting engines for the hard and continuous work 
of electric lighting at speeds of 320 revolutions, such as Mr. Allen 
appeared to advocate. The Author had spoken of the “single- 
acting closed engine,” as though the two things were inseparable ; 
but in reality the one was a question of principle, and the other, 
of convenience. For continuous work beyond a certain speed, he 
did not think that any one would recommend a double-acting 
engine. He was not speaking of occasional work; but for steady 
work, such as electric-lighting installations on land,and also on 
board ship, there was a speed at which double-acting engines were 
not applicable. The only question was, what was that speed? 
Closing up an engine was another question altogether. There 
were a number of different points to be considered, and there were 
certain advantages in having it open, and certain others in 
having it closed. His own reason for usually closing his engines 
was that there was nothing to be done to them, no adjustment of 
the bearings being required. ‘I'his being the case, it was better to 
run the machine in a bath of oil rather than let it splash the oil 
in all directions. On the other hand there was a possibility of 
neglect. Ifthe lubricant was run out of the chamber containing 
the cranks, &c., they were in a worse position with a closed than 
with an open engine. He had learnt by experience that it was 
very dangerous on board ship to put a cock anywhere if he did not 
desire it opened at intervals. Ifs stoker saw one, for instance, P 
on the crank-chamber of a closed engine} he said to himself, 
“This cock would not be here unless it was wanted.” The result 
was that sooner or later he opened it when the engine was running 
and let the oil out; and the consequences were not pleasant. 
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Us. Willan Sometimes even worse things than that were dope. He had 
” known, for instance, a case Paes an engine used for driving a 
‘capstan in a North Sea trawler had been opened up, and in which 

the only sign of lubrication in the crank-chamber was herring- 

bones, and scales, and salt water; and, although that might be taken 

as an extreme case, he had known others in which (in what 

ought to have been efficient hands) the lubricating mixture used 

had been hardly more effective, although perhaps less original in 

its nature. Those who were familiar with his engines would 
remember that there was an air-cushion to keep the pressure in 

one direction on the crank-pin. On one ship—and that not a 

North Sea trawler, but one of the largest ships in the Navyg—the 

cock on the air-cushion cylinder was connected by a pipe to the 

bilge and kept open for hours together, under the impression that 

it was a drain-cock. This was the class of diffitulty with which 

he had had to contend on board ship. He was at the present 

time constructing a number of single-acting open engines for use 

in the English Navy under Admiralty conditions, so that the 

matter could hardly be considered to be definitely settled in favour 

of double-acting engines for the Navy. The Author had not, 
however, contented himself with the statement that there were 

things to be said on both sides, but had said (referring to double- 

acting open engines), “It will also be seen that these engines have 

in themselves certain qualifications which give them an advan- 

tage over closed engines, namely, accessibility, simplicity, and 
economy, combined with the all-important point of durability.” 

He then pointed out that the twin engine with cranks at opposite 

angles had the advantage of working with considerably less 
vibration than the single-cylinder engine. But this, although 
apparently included among the advantages of open double-acting 

engines, was not an advantage over the single-acting closed 

engine, which was usually made in the same way. He would take 

the Author’s first four points—durability, economy, simplicity, 

and accessibility. First, as to durability. The Author's figures 

showed what he had found the best speed at which to drive 
double-acting engines. Speaking of circulating-pumps, he gave 

an account of the gradual slowing-down of the engines driving 

| them. Beginning at speeds which were “not justified by experi- 
eee ence,’ they came down to 190 and 120 revolutions, and the 
.. Author himself nt £50 to 180 as the speed at which it was 
“guite possible to make such engines work with certainty.” It 

would be instructive to consider what, at that speed, these engines 

had to do. Takipg the only case for which the Author gave 
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diagrams, nemely, that of an engine capable of developing Mr. Willan 
90 indicated HP. when pumping out the bilge, but doing in 
ordinary every-day work about 13 HP. The low-pressure cylinder 
under these conditions worked at a mean pressure of little over 
2 Ibs., and the high-pressure cylinder being about one-fourth the 
area of the low-pressure, the power developed in it was equal to 
7 lbs. or 8 Ibs. on the low-pressure; that was to say, the whole 
work of the engine was equal to 10 lbs. per square inch on the low- 
pressure cylinder. Was this“ hard and continuous work?” He was 
afraid that engineers could not be content with that amount of work 
from an engine. Again, the Author had referred to the engine of 
the e Devastation” as having run for a very long time, and 
done “hard and continuous work.” Te believed that during the 
whole of the run referred to, there was 15 lbs. pressure in the 
steam-pipe, the éngine exhausting into the atmosphere. They were 
working at that as a maximum, but it was only such work as a 
double-acting engine ought to do easily for reasons well known to 
those who had studied the problems connected with the inertia of 
the reciprocating parts. In comparison with that case he would like 
to mention two or three instances of single-acting engines with 
which he had been connected. The first to which he would refer 
was a fan-engine which had been working at the Woodthorpe 
colliery, near Sheffield, for some five years. It had run as much as 
nine months without being stopped, and it was locked up by 
itself at night. His partner, being down there on one occasion, 
asked to be allowed to see the engine. Je was told that the man 
had gone home and had taken away the key. That was an engine 
indicating 100 HP. and running at 300 revolutions, the mean 
pressure on the ‘pistons being 30 lbs, as compared with the 
Author’s 10 Ibs. It was regularly left running by itself in that 
way, and the bearings were oiled twice a week. The next case 
was that of a compound 80 HP. engine working with 40 lbs. mean 
pressure (referring all to the low-pressure cylinder), driving a 
dynamo for the electrical deposition of copper. Being a single- 
acting engine the bearings were as usual fitted up slack, and at 
starting and stopping when the engine was running slowly the 
slack of the bearings could be heard. After it had been away 
five or six months, the people wrote in alarm to say that at 
stopping there was a noise whichethey could not account for. He y 
sent a man to see what was the matter, ‘ands it was found that 
there was, as they said, 2 thump on the bearings when they 
stopped; but the point was that it was five months after the 
engines had been started, and it was the first time they had been 
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. Willans, alarmed, for it was the first time they had stopped.. He assured 
the owners that it would not happen until they stopped again ; 
and, for anything he knew, the engine had been going ever since. 
Many electric-lighting stations had been started of late with 
insufficient plant, the demand for light coming on very quickly. 
The result was that at some of them the engines had been run 
far beyond their intended power. At the Kensington Court 
station, for instance, two 80 HP. engines had been running 
for more than two years without any examination or overhaul of 
the bearings. At the end of that two years, after working 
generally at full power, and during the times of greatest demand 
up to 100 HP., which required 50 Ibs. mean pressure, referring all 
as before to the low-pressure cylinder—four or five times as much 
as that the Author had spoken of—they were still going on without 
any repairs to their bearings, just the same as at first. He wished in 
this discussion to be sure that they were considering engines doing” 
the same kind of work, especially in comparing notes as to durability. 
Next, as to economy, the Author gave figures for water-consumption 
in the case of some of his engines for the Navy. They were 
employed to drive dynamos having an output of 400 amperes at 
80 volts, and he gave the consumption of steam as 33°7 lbs. per 
electrical HP. per hour; but he did not say whether this result 
was obtained at his own works or at Portsmouth. Mr. Willans 
would compare with this the figures obtained in the case of the 
last six central-valve engines of tfie same power supplied to the 
Navy about six months ago. Three of these were running at 
about 390 revolutions and they gave a mean of 29-2 Ibs. per 
electrical HP. per hour, the pressure of steam being 100 lbs. The 
other three were working (owing to the dynamos) at speeds of 
about 440 revolutions, and were consequently less fully loaded ; 
the consumption in these was on the average 30°4 Ibs. These 
figures wore obtained during the tests at his own works. The 
average consumption of these six engines at Portsmouth came 
out ,4; lb. more than in his trials at Thames Ditton. The steam 
at Portsmouth contained when it reached the engines much more 
moisture than he had noticed elsewhere, and in two of the trials 
there were leaks in the pipes, &c., which brought up the average, 

| so that the slight difference was easily accounted for; but he 

ie would take 29°5 lbs. as a figere which was constantly reached 

- by this engines with fairly dry steam at 100 lbs. pressure non- 
condensing. Comparing this with the results obtained by the 
Author, 33:7 lbs., he found that for such work as incandescent 
lighting in the Navy, a saving of about 90 tons of coal a year 
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would be effected in the case of his single-acting closed engine Mr Willens, 
yunning continuously, as against the Author’s double-acting open _ 
engine under the same conditions. Comparing it with the good 
substantial commercial engine with a single-cylinder, in the case 
of which 42 lbs. per electrical horse-power would probably be 
a fairly low estimate, the saving in running continuously would 
be something like 270 tons per annum. He asked, therefore, what 
became of the claim of superior economy? Mr. Allen might say 
that a part of this economy was due to the higher speed, to which 
he would reply that 400 revolutions was too much for a double- 
acting engine of this size for electric lighting, and that therefore 
the @omparison was a perfectly fair one. With 130 to 140 Ibs. 
pressure the consumption of steam per electrical HP. per hour was 
usually about 24 Ibs.; and with condensing engines using high 
pressure it could be reduced to 18 Ibs. per hour. The question of 
economy of coal was frequently overlooked on board ship in the 
case of the auxiliary engines. It was too often regarded as a 
small percentage of the total and therefore unimportant, but 
if any one were to say that because the coal used in London was 
a large quantity as compared with that used in an electric-light 
station, economy in electric-light stations was of no importance, 
he would not be listened to fora moment. The economy of fuel, 
although not the only thing to be considered, was of great im- 
portance on board ship as well as on land. The cost of coal was 
not, however, the only expense in running an engine—oil was 
used as well. The Author was silent on this point, but open 
engines, running at 320 revolutions, required a good deal of it. 
In the case of some of his 200 HP. engines running at Kensington 
Court and driving"dynamos direct at 350 revolutions, the engineer, 
Mr. Miller, informed him that the daily consumption of oi] for the 
bearings was half-a-pint for a run of from twelve to sixteen hours. 
It was very desirable that the Author should give particulars of 
the oil used in his 50 HP. engines at 320 revolutions. With 
regard to attendance, Mr. Willans thought it was hardly necessary 
to argue the point, as it was now generally admitted that with 
the single-acting engine, not requiring its bearings adjusted, much 
less attendance was necessary. As to the mechanical efficiency, he 
had put in a Table a few figures relating to engines driving 
dynamos by most of the best known makers, whose machines a) 
had been tried at his works. The first Wasvone of the Navy 
engines running at 32°8 electrical HP., which gave 82:6 efficiency, 
or Electrical HP. 


ndicated I é ider- 
Indicated HP. at a full load. That was a machine consider 
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ably smaller than that spoken of by the Author. The figures given Mr, Willana, 
were not chance cases, but were representative ones, the full power 
varying from 32 to 160 electrical HP., and the efficiency rising 
in some cases to 86 per cent. It might be interesting to point 
out that if an engine was very fully loaded, a higher efficiency 
was necessarily obtained at the lighter loads; for they worked in 
the better part of the curve, so that it was important to know in 
comparing light-load efficiencies how heavily an engine was loaded. 
‘iy. 8 showed the way in which he usually set out the results. 
The electrical HP. was represented by the lower diagonal line, 
and the indicated HP. by the upper one; the efficiency curve 
showed the electrical HP. divided by the indicated HT. If the 
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curve was carried out by increasing the power the efficiency would 
be slightly increased, and bring the quarter load further to the 
night, and so into the better part of it. That partly accounted 
for the differences in efficiency at the light loads shown by the 
Table in some cases, the more heavily loaded engine, other things 
being equal, coming out better at light loads. He had observed 
that the Author gave his figures for efficiency for ordinary 
commercial engines. In comparing them with those given in 
Mr. Willans’ Table, which were all for compound engines, it must 
not be forgotten that although the dynamo might in such cases 
be slightly inferior to those constructed to pass Admiralty tests, 
yet this would be at least compensated by the reduced friction of 
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. Willans the single-cylinder engine employed. He always found that his 


simple engine gave a rather higher mechanical efficiency than 
his compound engine when used for equal loads, the increased 
economy in steam per electrical HP. in the latter being realized 
in spite of this mechanical disadvantage. With respect to the 
two other claims made by the Author for his engines—accessibility 
and simplicity—it was impossible to judge of the simplicity, as 
the details given were so meagre that no opinion could be formed 
one way or the other; he could not for a moment agree, however, 
that they were necessarily more simple in construction than closed 
single-acting engines, and they certainly were not so easy to drive 
and to adjust. He did not see how such engines could be sigupler 
to work than those in which the cranks, connecting-rods, and 
valve-gear, could be all Inbricated once a day through one oil- 
hole, and in which the bearings never needed sfhall adjustments. 
As to the general question of speeds, he ventured to say that if 
double-acting open engines of 50 or 60 HP. were used in the 
future, in the merchant service or the Navy, they would be run 
at much lower speeds than 3820 revolutions per minute, and 
that even then their use would entail greater bulk and weight 
(especially for the dynamo), and increased first cost, together 
with reduced economy in every respect as compared with well- 
designed single-acting engines, the working parts of which could 
be run at a comparatively high speed in a bath of oil. There 
was one other point; the Author,'in referring to the question of 
governing, mentioned that one of the greatest improvements on 
board ship was that of fly-wheel governors. With that Mr. Willans 
quite agreed. In marine enginecring, where they ought not to 
want any adjustment in speed, it was impossible to have too 
powerful a governor; but on land, where very often everything 
turned on being able readily to vary the rate at which the engine 
was running, it was doubtful what would be the best thing 
to do. He found that electricians wanted more and more a 
variable speed for electric-lighting engines, and in fewer instances 
an absolutely constant speed, unless it was in stations where the 
alternating current was used. Qn board ship, where dynamos 
could be compounded, they ought to have the speed constant, and 
the more powerful they could make the governor, and the less 
accessible while running, the better it would be. He found no 
difficulty in regulating’ the speed within 2 per cent. and 3 per cent. 
by means of a governor on the crank-shaft (not a fly-wheel 
governor) in cases where the weight of the fly-wheel was not 
limited by other considerations. 
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Mr. F. E. Bucxnam said the Author had dealt very fully with Mr. Duckha 
the question of machinery for applying forced draught to steam- 
ships. The great point to be considered with respect to such in- 
ventions was whether they were commercially successful. During 
last session Mr. White, the Chief Constructor of the Navy, in 
a Paper read before the Institution of Naval Architects,’ gave 
some particulars with reference to the use of forced draught on 
board Her Majesty's ships. He there stated that on the “ Howe,” 
whereas by natural draught they attained 8,200 indicated HP. 
and 15:9 knots speed, when using forced draught they obtained 
11,600 indicated HP. and 16+9 knots speed, an increase of 40 per 
cent.ein the HP. and of 6 per cent. in the speed. Then with 
reference to the “Medusa,” natural draught gave an indicated 
HP. of 6,300 and 18 knots speed; which under forced draught 
was brought up to 10,000 indicated HP. and a speed of 19-9 knots. 
These results were obtained on trial trips, but it was of the utmost 
importance to the commercial world to know, not what took place 
on a trial trip, when everything was worked up to tho highest 
point of efficiency for the time being, but what had been the result 
of voyages of ordinary steamships, out and home, with and without 
forced draught ; so that they might get some accurate means of com- 
paring the effect of the two systems on steamers of the ordinary type. 
It had, moreover, been found that great damage had been done to 
the boilers by forced draught, and orders had been issued in some 
quarters that it was only to be used in cases of emergency and for 
short periods. This circumstance made it more necessary to consider 
how far it was applicable for commercial purposes. It had been 
said that marine boilers gave way probably because of the intense 
heat in their furnaces; but it must not be forgotten that there 
was intense heat also in the fire-box of locomotives, where however 
the draught instead of being forced was induced by the exhaust of 
steam into the funnel. ‘That led to the question whether the 
present type of marine boiler was the correct one, and whether to 
use forced draught with these boilers was not like trying to make 
an old-fashioned tool do for present-day purposes. He remembered 
Mr. Yarrow referring in that Institution to the water-tube boiler 
introduced by him. He had since seen it at work, and was con- 
siderably impressed with its efficiency and simplicity. It was a 
first-rate thing for torpedo-boats. »Mr. Yarrow had not designed . 
it for large sea-going vessels, but he believ€®d ig was a departure 
from the present style of marine boilers that might lead eventually 
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» Duckham to the satisfactory application of forced draught. «Mr. Duckham 


Mr. Terry. 


had lately been engaged in various experiments as to the trans- 
mission of grain by the medium of air, and found that induced 
draught or suction utilized the power employed far more efficiently 
than air under pressure. Some years ago, when the telegraphs 
were taken over by the Government, a series of experiments 
were made as to the relative efficiency of compressed-air and 
of a vacuum for the transmission of messages, and a Paper by 
Mr. Preece was read before the Institution,’ showing that there 
was a great advantage to be obtained by working the tubes under 
suction instead of pressure for the purpose in question. The 
advantage was not constant in amount, but was greatest be@ween 
the higher pressures and greater vacuums, and diminished as 
atmospheric conditions were approached. He was not prepared to 
say if that reasoning was directly applicable’ to the question 
of the small pressure of draught which would be used for the 
furnacos of marine boilers. There was one other point in relation 
to the auxiliary engines of steain-ships. He might be thought 
foolish for saying that the greater number of vessels which were 
lost at sea were lost because they were not enabled to keep them- 
selves afloat, nevertheless it was a melancholy fact. It might be 
taken in round numbers that the effective HP. of the boiler, if 
suitably employed, would enable a vessel to throw out some- 
thing like half a ton of water a minute for each HP. Taking 
the vessel referred to by tho Author, with 13,000 HP., it should, 
under such circumstances, be able to pump 6,500 tons a minute. 
The ship would need to be cut in two to admit the quantity of 
water which such power could discharge, but if they took one 
vessol with another, it would be an exception to find that they 
had sufficient pumping apphances to throw 20 or 30 tons of water 
a minute. This left a large margin of power unapplied. It was 
important that artificial aimuehe and marine boilers should be 
improved upon, and whatever could be done in the direction of 
cconomizing coal, and reducing the weight of the boiler, so 
that the vessel should be able to carry a larger quantity of freight, 
would be a great commercial advantage, although the question of 
the ship’s pumps was more important in relation to the loss of 
property and life at sea. 

Mr. 8. H. Terry said the Author, in speaking of forced 
draught on the “ Majestic ” and “ Teutonic,” seemed to imply that 
the air by which the furnaces were kept going was supplied 
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entirely by*the four fans which he had built for those ships, Mr. Terry. 
He would like to ask more precisely what work the Author’s 
fans were doing in connection with the forced draught of the 
ship, because he was under the impression that there were fourteen 
fans and engines supplied by the firm with which he was con- 
nected, Messrs. Bumsted and Chandler, which were used for that 
purpose. He would like to know whether those fans had beon 
taken out, or whether the Author’s fans were not really doing 
quite another work, namely, ventilating the stokeholds. From 
the Paper it might be implied that these fourteen fans were 
not in existence. He had been informed by the engineer of one 
of those ships that only a Chandler engine or fan could endure 
the temperature in which those fans were working, for they were 
down in the casjng immediately round the boilers. They did not 
get much of the credit for the work, because they were not seen 
by the passengers at all. He would also like to know whether 
about the time that the increase of speed took place, when the 
Author’s fans were put in, it was a fact that the screws of the 
“Teutonic” were altered, and whether their being put to a 
rather different pitch might not have something to do with 
altering the speed of the ship. He might mention that the 
Chandler fan and engines had been running on these ships at a 
speed of 350 revolutions per minute, each being capable of supply- 
ing some 16,000 cubic feet of gir, or in all 224,000 cubic feet of 
air per minute in each ship. There were 3 inches of water- 
pressure in the fan-casing; but that was very much reduced 
by the time it reached the closed ash-pits, in consequence 
of the friction in the air-trunks. In addition to the forced 
draught, three other Chandler engines were employed in each 
ship in ventilating the refrigerating chambers, and the screw 
tunnels. He was entirely in accord with Mr. Duckham as to 
improving the pumping-arrangements on board ship. It was a 
matter in which he had taken interest for some years. As long 
ago as 1880, on the occasion of the loss of the “ American ” off 
Cape Palmas on the African coast, he began a correspondence, 
which was followed up by others, in ‘ The Engineer’ and ‘ Engi- 
neering’ on the subject of fitting ships with more powerful 
pumping machinery. It seemed an anomaly that a large vessel 
should be dependent upon her crew, and ingsome well-known cases 
of shipwreck on her passengers, to assist in working the pumps. 
Of course the whole power thus available was nothing in com- 
parison with what could be applied if the steam in the boilers 
could be brought to bear on proper pumps. It was evident that 
D2 
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since the date he alluded to, progress had been nfade in that 
direction, and the pumping engines were now nearly always 
connected with the bilge. He did not claim to have originated 
the idea of doing so, but merely stated that he was one of those 
who brought prominently forward the necessity of increasing the 
pumping power on board ship. It was not, however, of much 
use fitting powerful pumping machinery unless the pipes and 
valves were large enough to pass the water that a centrifugal 
pump would draw, and he had known cases in which pumps and 
engines and steam-pressure had been good, but the pipes had been 
so restricted in area that they were unable to carry the water, 
and there was no chance of working at full power. With 
regard to the use of auxiliary engines on board ship, he felt con- 
vinced that the engine of the future, for fan-driving, and for 
dynamos and centrifugal pumps, would be single-acting, either 
compound or triple-expansion, for this type had been proved to be 
the only one which could run continuously at anything like the 
speed requisite for direct-driving without knocking, or undue wear 
and tear. On this head he might state that his firm had received 
most satisfactory accounts from the superintending engineers of 
the fleets of the following steamship companies, in which their 
engines and fans and engines and dynamos had been almost 
continuously used: namely, the British India Company, dynamo- 
driving; Messrs. Herskind and Wood, under Mr. Fothergill’s 
system for fan-driving for forced draught; the White Star Com- 
pany; the Peninsular and Oriental Company; on the Carron 
Company’s fleet, for electric lighting; and numerous other com- 
panies which he need not mention. In some cases the engines 
had been running for six years, and were as good as when put in, 
although making 400 and 500 revolutions per minute for several 
weeks at a time, and taking steam at pressures up to 180 lbs. to 
the inch. In numbers of steamships he could name, the electric- 
light engines and centrifugal-pump engines of the double-acting 
open (direct-driving) type made nearly as much noise as the main 
engines of the ship, which were exerting a hundred times more 
power, and it was unsatisfactory alike to the engineer, the pas- 
sengers, and the crew, to have the efforts made to produce a quiet 
engine-room frustrated by the knocking of auxiliary engines, which 
in cases he had come across, weke audible all over the ship. As 
regards steam yachts the silence of the electric-light engines was 
of great importance. Yachts were now largely used by professional 
and business men to recruit their energies. Every steam-yacht 
owner wanted the electric light, but unless single-acting engines 
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were used i# could only be obtained (in harbour when the main Mr. Terry 
engines were standing) at the sacrifice of quietude. Railway 
companies were frequently and properly accused of conducting 
their traffic with a needless amount of noise, produced by whistles, 
escaping steam, vacuum-brake ejectors, careless shunting, &c., and 
he expected that at no distant date we should become too highly 
civilized to tolerate barbarous and unnecessary sounds. Most 
people were accustomed to think of a ship, except during bad 
weather, as the abode of peace and quietude, but this would be a 
thing of the past if engines making a knocking and hammering 
were used, and on this account therefore he felt convinced that 
thesingle-acting high-speed engine was the standard type of the 
future for auxiliary purposes. 

Mr. ReoinaLp Borton said the Author had shown illustrations Mr. Bolton. 
of a number of ‘applications of small engines to various purposes 
on board steam vessels. ‘These engines were distributed about 
the ship at different distances from the source of power—namely, 
« the boiler. There were others which were not described, such as 
the steam-winches, capstans, windlasses, and so on, amounting in 
some of the larger vessels to a considerable number. The 
_ engineer of the “ Arizona” told him that he had under his charge 
in that vessel as many as seventy steam-cylinders—quite a con- 

clomeration of material for losing power, if he might put it in 
that way, as well as for doing necessary duties. Ile was convinced 
that in a vessel of that kind’ the power should be distributed 
_ in the most economical way possible, and if details of the working 
_of those small engines in the various parts of the ship could be 
"obtained some means of improvement might be found. In addition 
to losses in the engines there were losses in the pipes, which must 
be considerable in large vessels. The only criterion they had of 
the amount of steam used by these small engines was that the 
donkey-boilers of cargo-steamers were being made larger and 
larger. A case recently came before his notice where a cargo-boat 
of moderate dimensions had to have a donkey-boiler put in equal 
in size to one of the main boilers. That evidently indicated 
considerable losses in the small engines. Amongst those which 
had been described by the Author there was one which seemed 
to show an efficiency superior to that of the others. It had 
been stated that the efficiencies* of the fan-engines were very » 
low, and the Author did not bring forwards figures as to the 
pumping-engines, but he did so with reference to electrical-driving 
engines, and both he and Mr. Willans agreed that as much as 80 
to 82 per cent., and as Mr. Bolton was informed, even up to 
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84 and 85 per cent. had been reached by enginesand dynamo 
combined. tt appeared, therefore, that if electrical driving was 
ever to come into use anywhere, it would be suitable on board 
ship, where a distribution of power was required, and where 
under present conditions, an immense amount was wasted. If the 
dynamo and engines were of such a size as to be able to supply a 
number of these smaller machines with the power which was 
required, the losses should not be greater than they were at the 
present moment. The efficiency of the motor already stood as 
high as 80 per cent., and would probably be made even greater. 
They had therefore to deal with an efficiency in the electrical 
producing plant of 80 to 82 per cent. together with a loge in 
transinission which might le said to be 1 to 2 per cent. of that 
amount, and an efficiency of the motor of 80 per cent. He could 
only say that this was superior in its results to fhe present state 
of things. Taking as an cxample the steam-winch, which was 
some hundreds of feet from the boilers in most vessels :—Defore 
it could bo started, the whole of the pipe had to be heated, 
which involved an amount of loss which must be serious. When 
it did start, they had two small cylinders, 7 inches by 10 inches 
or 8 inches by 12 inches, working with a cut-off in some cases 
threc-fourths and in some seven-cighths of the stroke, throwing 
the steain out of the ship’s side in a manner familiar to any one 
who visited the docks. It would he an improvement if these 


‘small engines scattered about the ship and connected by long 


jines of steam-pipes could be done away with, and electrical 
motors used in their place. Ile put forward this suggestion 


with diftidence, but it appeared to find some confirmation from 


“Mr. Siemens. 


the figures which the Author and Mr. Willan8 had laid before 
them as to dynamo-driving. 

Mr. A. Siumens wished to say a few words in the same sense 
as the last speaker as to the disadvantages of the present 
auxiliary engines, many of which were arranged so as to take 
their steam-supply from the main boiler, as well as from the 
donkey-boiler, and had their exhaust connected with the main 
condenser, and as an alternative, with the open air. This 
arrangement naturally led to most of the auxiliary engines being 
much too large for their work, and to their being fitted with a 
multitude of pipes in which the working of the ship caused con- 
stant leaks, givingefrequent employment to the fitters on board. 
The same remarks applied to hydraulic pipes. He hoped to 
exhibit a complete set of auxiliary engines driven by electric- 
motors for ships’ use at the coming Naval Exhibition, when he 
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should be inea position to speak more fully. The principal Mr. Siemen: 
difficulty connected with employing the electric motor, as, for 
instance, in the case of a winch, was that the winch had to exert 
the pull on the rope without actually moving. The consequence 
was that an excessive current would pass through the armature 
of an ordinary motor, and it would probably be damaged. That 
was the chief reason why electric motors had not sooner been em- 
ployed in such auxiliary engines, because the danger of damaging 
the armature through a sudden stoppage could not be avoidod. 
He thought they had overcome that difficulty, and they intended 
to exhibit a fan, a winch, a capstan, and a machine for closing 
watergight doors of an ironclad. The way in which these 
auxiliary engines would be worked was that there would be one 
main auxiliary engine, so to speak, which would drive the 
dynamo machine with the best efficiency, and under the imme- 
diate eye of the engineer. All the other motors could be prac- 
tically left to themselves, proper precautions being taken, so 
that no'excessive current could reach the armature. With regard 
to the lasting qualities of the motor, he thought he could cap 
Mr. Willans’ remarks about tho gardener, by saying that at 
Sir William Siemens’ place at Tunbridge Wells there was an 
electric-motor for pumping water into the house, which was 
worked for six hours on three days of the week ; it had been used 
ever since 1878 or 1879; it had only been looked after by a 
gardener, and it never gave any trouble. Thore was no reason 
whatever why all electric-motors should not be equally.manage- 
able, if only proper care was taken to make them large enough, 
and to prevent an excessive current reaching the armature. 

Mr. Prence said ‘Mr. Siemens had omitted to mention perhaps Mr. Pree 
the most important point in favour of the introduction of electric- 
motors on board ship in preference to small steam-engines. 
Speaking particularly of one large man-of-war, which he saw a 
short time ago at Malta, he found that there were no less than 
eighty-six engines on board, and the ship was permeated all 
over with steam-pipes. He was told that in hot countries those 
pipes added some 10° or 15° to the already unbearable temperature 
of the country, and as the commander of the ship stated, electricians 
could not confer a greater boon on the navy than by the intro- 
duction of electric-motors which would enable them to remove 
the steam-pipes, and thus lower the temperateire of the ships, 
which were in some cases absolutely ovens. 

Professor Guorce Forses had noticed a slight misinterpreta- Profess 
tion of the results given by the Author and Mr. Willans, which 
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Mr. Bolton introduced, and which might lead to a misunderstand- 
ing. Mr. Bolton mentioned the 80 per cent. efficiency, or greater, 
which had been referred to as the efficiency of the engine and 
dynamo combined, and proceeded to say there was 1 or 2 per 
cent. loss in the mains, and there would be then an 80 per cent. 
efficiency in the motor. It was over-looked that the 80 per cent. 
efficiency of the steam-engine and dynamo combined was to be 
taken as the ratio of the HP. developed electrically by the 
dynamo machine to the indicated HP. Therefore, when they 
were dealing with a motor the efficiency was not 80 per cent., 
because the steam-engine had nothing to do with it. It was 
probably more like 92 or 93 per cent. That was a point that 
added very considerably to the total efficiency of the system, be- 
yond what Mr. Bolton had spoken of. He agreed with what had 
been said by Mr. Preece as to the enormous value of electrical 
transmission on board ship by means of wires instead of steam- 
pipes. At the same time, since the engines that had been spoken 
of chiefly as being benefited by the use of electricity happened 
to be the steam-winch and the capstan, he might point out that 
there was a rather serious trouble, in some services, connected with 
the employment of electricity for those two purposes, though not 
for the machinery in the hody of the ship. Any one who had, 
like himself, crossed the Atlantic at that period of the year, with 
a strong north-westerly wind, and the temperature below zero, 
would remember how, for several ‘days before reaching port, it was 
necessary to keep the steam on the engines of the winches and 
capstan, in order to prevent the accumulation of ice, which might 
interfere with the working of them when they arrived in port. 
That was the difficulty that must occur, and which he felt to be 
almost insuperable when ships were trading in temperatures 
where there was likely to be a large accumulation of ice over 
certain parts of the machinery. 

Mr. Gisuert Kapp said that several speakers appeared to think it 
was an easy thing to put an electric motor on board ship, and to use 
it for the purposes mentioned with the highest possible efficiency. 
It seemed, however, that one important effect was lost sight of: 
the high efficiency of 92 per cent. was quite attainable in 100 HP. 
machines when steadily running at the normal speed, but with a 
machine that was turned on and off they could not get anything 
like as much. Thx electric motor was very efficient if it had a full 
or half load, and could run at a full and constant speed. On board 
ship, however, what was wanted was to give a half turn of the 
winch and then stop; it was nothing but stopping and starting, 
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and under such conditions an electric motor was just as bad as a Mr. Kapp. 
slipping belt; the current went through, but produced little 
motion. He was afraid that for intermittent work of that. kind 
they could hardly introduce electricity at present ; they must first 
of all find a way of gearing motors running at a constant rate, 
by apparatus permitting a variable speed to be communicated 
to the capstan or winch, or whatever was being driven. There 
were other purposes on board ship for which motors might be 
used with great advantage; they could drive pumps, ventilators and 
various other machines. He did not wish to throw cold water upon 
a subject as to which he was himself an enthusiast, namely, the 
transmission of motive power by electricity ; but on the other hand, 
he did not think it was right to let members run away with the idea 
that it could be done very easily. He wished to ask the Author 
about a passage in which he stated, speaking of the amount of cold 
water which must pass through the tubes of the condenser, that 
there was a particular quantity which was the best. He could 
understand one limit which the Author had given when he said, 
“Should the surface not be enough, or the condensing-water 
insufficient in quantity, then the vacnum obtained will be lower 
than that desired;” but the other he could not quite understand, 
namely, when he continued, “ On the other hand, if the circulating- 
pumps deliver too much water, the condensed steam is reduced to a 
temperature below that at which it is economical to return it to 
the boiler.” That was in a manner opposed to the well-known 
thermo-dynamic law, which stated that the greater the difference 
of temperature at which they worked, the more economical was 
the process; whereas they were now told they must not have too 
good a vacuum. “He would ask the Author whether there 
was really such a point below which they must not go. With 
regard to the governor, he quite agreed with what Mr. 
Willans had said, as to its being adjustable for land engines. 
They were generally compelled, or they found it at any rate 
exceedingly convenient, to use at central stations shunt-wound 
dynamos which gave rather a higher pressure when lightly loaded 
and a lower pressure when fully loaded, even when the speed 
remained constant. The speed, however, would slightly vary, and 
he did not know of any governor which would keep an engine 
absolutely constant under great Variations sof load, so that the 
imperfection of the governor increased this variation of electric 
pressure. The engine ran a little faster with a light load, and the 
dynamo itself gave more pressure witha light load. The Author's 
firm had been perfectly successful in providing a governor adjust- 
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able while running, in two steam-dynamos made t6 his specifica- 
tion, and in which it was one of the conditions that the governors 
should not allow the engines to hunt. He was pleased to say that 
the engine had fulfilled both conditions im a very satisfactory 
manner. 

Sir Frepenick Bramwett said with regard to an ordinary winch 
for the purpose of unloading a cargo, Mr. Kapp need not be 
alarmed as to the necessity of stopping and starting. The common 
practice was to keep the winch running constantly, and simply by 
holding on the fall or slacking out the fall, to make the winch raise 
or even lower, and to regulate the pace of lowering, although it 
was always running in the lifting direction. e 

Mr. Cares bi. Cowrrn said that the system of forced draught was 
a matter of great interest, since theoretical considerations tended 
to point to it as a possible direction in which to obtain more 
economy in the use of steam, as well asa greater production from 
a given plant. The manner in which the Author had stated the 
advantages obtained by the use of forced draught might be satis- 
factory, from a commercial point of view, but it appeared to 
an engineer very crude and unsatisfactory. IIe told them that in 
the case of the “ Majestic” and also in that of the “'Teutonic ” 
forced draught had been the means of considerably “increasing 
the speed of the vessel.’ Now it was obvious that the speed of a 
vessel depended upon the pe at which the screw was driven 
by the engines, and that again depended on the supply of steam 
by the boilers. It was the work of the boilers that was actually 
affected by the forced draught. It would be of interest if the 
Author could give thein some figures with regard to the increased 
evaporation, showing how it affected the economy; and, further, 
as to the condition of the boilers, and whether they were at all 
injured by the heavier firing. 

Mr. W. W. Beaumoyr thought Professor Forbes intended to 
warn engineers generally that they might be misled with 
regard to some remarks which had fallen from Mr. Bolton as to 
the efficiency of electric motors. But he told them that the 
efficiency might be 90 per cent. instead of the 82 per cent. as on 
Mr. Willans’ diagrams. So far as a motor was concerned, that of 
course was quite correct ; that was to say, a motor might give as 
mechanical HP. 90 per cent. of the power electrically represented 
by the current sepplied to it; but the generator and engine, not 
having an efficiency at the very outside of more than 86 per cent., 
the 90 per cent. efficiency for the motor would be reduced to 
0°86 x 0°9=77°4 per cent. at the best, and in many cases it would 
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only be about %0 per cent. which could be calculated upon or Mr Beaumont 
obtained in motors even of considerable size. He thought Professor 
Forbes had intended to complete his explanation in this way, 

Mr. H. W. Ravensyaw said that, with steam donkey-engines, Mr, Raven- 
there was a great loss from the condensation of steam in the pipes, *2@¥- 
which would be almost entirely obviated by the use of electro- 
motors. He had employed a high-speed double-acting open engine 
for electrical testing, and on measuring the consumption of coal 
and oil, found that, when giving about 20 brake ILP. for ten hours, it 
used 10 cwt. of coal, costing 4s. 6d., and 14 gallon of oil, costing 
5a. 8d. The cost of oil with improved lubricating arrangements 
had bee since reduced to about 3s. 6d. These figures showed the 
necessity of providing efficient means of lubrication for this class 
of engine. 

Mr. G. B. Ovaurenson, while regretting that Mr. Brotherhood Mr. oe 
was not present to take part in the discussion of this question, *“” 
desired to say a few words on the subject of forced draught. 
Mr. Brotherhood had had considerable experience in this matter, 
having supplied upwards of eight hundred fan-engines for that 
particular purpose. Tho Author had said “at present there 
is no general consensus of opinion on the subject of forced 
draught, ... but as regards quantity, it is safe to take as a 
liberal allowance 260 cubic feet of air per pound of coal.” Now 
260 cubic feet of air would weigh about 21 Ibs., and inasmuch 
as competent authorities gave 18 lbs. as the quantity actually 
necessary for the proper combustion of 1 lb. of coal under 
forced draught, he considered 260 cubic feet to be far from a liberal 
allowance. The Author somewhat qualified his statement by 
adding, that considering the waste through leakage, é&c., it might 
be prudent, under some circumstances, to ‘add considerably even to 
the liberal allowance he mentioned; but Mr. Oughterson’s expe- 
rience was, that with forced draught in closed stokeholds, they 
would have to add considerably to, in fact, would have to go to nearly 
double the quantity that the Author had stated. It might be that 
the Author had calculated the quantity of air necessary for forced 
draught on the same basis as that on which he had estimated the 
yield of fans which were mentioned in the Paper as having been 
fitted on the “ Majestic ” and “Teutonic.” These fans, 7 feet 
6 inches diameter, running at 250 fevolutiong per minute, were 
said to be capable of giving out 50,000 cubic»feet of air per 
minute; but taking a moderate percentage of the fan-tip velocity 
as that of the air through the inlets, and given a perfectly 
free delivery, he thought it would be found that the quantity 
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Mr. Onghter- of air delivered ought to be very much in exceds of that stated 


602, 


in the Paper. The Paper went on to state that “it having been 
suggested by leading authorities that a central diaphragm would 
add considerably to the efficiency of the fan, the Author had 
carried out a series of experiments on the subject, and had satisfied 
himself that no benefit whatever accrued from its introduction 
. but the trials proved that the bosses having curved entrances 
to about the diameter of the inlets were in every way as efficient 
as if the diaphragm had been carried right through.” He 
fancied the “leading authorities” to whom the Author referred 
were the same as ios who had suggested the diaphragm to 
Mr. Brotherhood; and so far as his memory served hinf, it was 
never a question of carrying the diaphragm “right through,” but 
of carrying it far enough to cause the two gpposing currents to 
diverge ; and it appeared to him, that having extended the bosses to 
about the diameter of the inlets, the Author had done all that was 
intended. With regard to electric-light engines, he might speak 
with some little authority, secing that about eleven hundred of 
Mr. Brotherhood’s engines had bean supplied for the purpose of 
driving dynamos. Some of these had been at work for periods 
far longer than that mentioned in the Paper, during which the 
Author’s double-acting engine was fitted on H.M.S. “Devastation,” 
and were working, he had every reason to believe, most satisfac- 
torily. He agreed with Mr. Willans, that the closed single-acting 
engine had scarcely had fair play. Double-acting open engines 
appeared to be, for the moment, in greater request, and manufac- 
turers were therefore more or less forced to meet this demand, but 
the single-acting closed engine was susceptible,of numerous appli- 
cations, and in many cases found its place where it would be 
impossible to apply a double-acting engine, and it could be 
worked with marked economy as regards fuel and oil. Mr. 
Brotherhood had at his works two of his 3-cylinder single-acting 
compound engines, which had been running since 1884, each 
giving out about 22 HP. with 100 Ibs. initial steam-pressure, one 
making 750 revolutions, and the other 650 revolutions per minute : 
these engines had cost very little for repairs, and were practically 
in as good order as when they were started. Another of a 
similar class had been at work since 1885, running at 600 revolu- 
tions, and with the exceptidn of new piston-rings, had never had 
any repairs dofle to it. Altogether, he thought that the single- 
acting closed engine, whether of the Brotherhood type, or of the 
Willans type, had in many instances great advantages. He had 
thought it well to call attention to what, rightly or wrongly, 
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appeared to him to be a misconception with regard to the quantity Mr. Oughter.. 
of air required for forced draught, but his observations must be 
taken as referring exclusively to the closed-stokehold system, and 
not to the closed-ashpit system, as of the latter he had no expe- 
rience. Some reference had been made as to the failure of certain 
boilers under the action of forced draught. To his knowledge, the 
mail steamers on the Dover and Ostend route, built and engined 
by Messrs. Denny and Co., of Dumbarton, two and a half years ago, 
and working with forced draught on the closed-stokehold system, 
had been doing service constantly and well with a pressure of 
from 14 inch to 2 inches of water in the stokeholds; each steamer 
was fitt@l with four Brotherhood engines and fans, the fans being 

5 feet in diameter. 

Mr. W. H. Aten, in reply, said it would be almost impos- Mr. Allen, 
sible to have a Paper read in that Institution upon high-speed 
engines, or the oconomy of water-consumption, or on any kindred 
subject, without Mr. Willans taking part in the discussion. They 
all knew what he had done, both in practice and in theory, and 
his writings should be studied by all young men. He was sorry 
to hear the apology that Mr. Willans had to make as to the men 
necessary for working the engine; doubtless it was owing to the 
fact that many mishaps had occurred, for although his ee were 
so well known and gave universal satisfaction on land, they did 
suffer from mal de mer as soon as they got to sea. Whatever might 
be the reason, he had come across a number of them which, i 
one cause or another, gave considerable trouble. He believed it 
was due principally to the abundance of water which was always 
to be found in steamships. Since Mr. Willans supplied his first 
engines to the Navy years ago, they had no doubt been very much 
perfected. In reference to the low speed of the circulating engines, 
to which he had called attention, namely, 150 revolutions a minute, 
it must be remembered that while dynamo-driving was one thing, 
circulation was quite another. ‘The ship depended for its very 
existence on the main engines. It did not much signify if a light 
went out, but for the circulating engines to stop was a serious 
matter, and superintending engineers did not see their way to 
go beyond the present number of 130 to 140 revolutions. He 
had raised it to 150, and thought they could afford to work 
at that speed without any possibility of a breakdown. With 
regard to the long run of one of Mr. Willans’ engines, it so 
happened that Mr. Allen had had an exactly similar experience. 
Some of his engines on the “ Devastation” had been working 
for many weeks without change over. Mr. Willans asked 
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whether the experiments with regard to the water consumption 
were made at Portsmouth or in their own works. The figures 
he had given were obtained at Portsmouth. The rules there 
were extremely rigid and well understood, and it would have 
been foolish to make any experiments in their own works, 
and expect them to be improved at Portsmouth. Mr. Willans 
pointed out that his engines had proved more economical by 
29°5 to 33°7. Every engine-maker must give way to Mr. Willans 
as having introduced the most economical design, but the 
economy depended upon the increased speed at which that par- 
ticular form could be driven. Mr. Willans’ engines gave a 
consumption of 29°5 lIbs., with 440 revolutions, whefeas his 
(Mr. Allen’s) engines, with 33 bs. only, travelled at 320 revolutions. 
That must be taken into consideration in compgring their respective 
values. He was very glad to sce the Table that Mr. Willans had 
brought forward, because it was a proof that they were not so far 
behind with the double-acting engine. Mr. Willans had claimed 
an efficiency of 82:3, whereas Mr. Allen’s firm had reached in 
their trial with ordinary mercantile engines 81°2, so that they 
were only 1 per cent. under Mr. Willans under the same circum- 
stances; with a speed of 440 revolutions against their 320 with 
engines of 44 indicated HP. 

Mr. Witians remarked that those figures were obtained three 
years ago; at present the efficiency was about 1 per cent. 
higher. 

Mr. Ain said in that case they were 2 per cent. behind 
Mr. Willans. It should further he noted that the high efficiency 
of 85:9 per cent. on the Table was obtained with engines of much 
greater power, namely, 240 HP. With regard to the governor, 
he had only given one example, namely the fly-wheel and 
governor, which he had spoken of in the Paper as applicable to 
marine work, but they also had a variable governor, which would 
almost equal it in point of precision. There could be no doubt 
that, as Mr. Duckham had said, forced draught was a commercial 
success. In no case that he knew of had there been a failure. 
On the Inman Line the best paying steamer was the “Ohio,” 
which was fitted with forced draught, and the “ City of Paris” at 
the present moment was undergoing a change for the same system. 
He thought that jhe term forced draught was misapplied at the 
present moment, and that assisted draught was a better expression 
touse. In the paddle-steamer “ Victoria,” running between Dover 
and Calais, the speed of the boat with natural draught was 
15 knots, and under forced draught 19 knots, with a pressure of 
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about 24 inches. At that speed the boilers began to give con- yy, Allen, 
siderable trouble, and were voted by no means a success. But by 
reducing the speed of the fans one-half, getting a pressure of 
14 inch, they obtained 18 knots without any trouble whatever to 
the boilers or machinery; so that in that instance natural draught 
gave 15 knots, assisted draught 18 knots, and higher forced draught 
19 knots, showing the advantage of assisted draught as against 
forced draught for commercial success. He was afraid that Mr. 
Terry had commenced with the wrong paragraph of the Paper, and 
had omitted to notice that in which he said with regard to the 
fans on the “Teutonic,” “The application of fans, however, may 
have actwo-fold purpose, namely, to enable more coal to be burnt 
in a given time, and also to reduce the temperature of the stokehold, 
which is always a most desirable object.” The Paper went on to 
show that fans had been introduced into the “ Majestic” and 
“Teutonic” under those circumstances. What were the circum- 
stances? ‘T'o burn more coals in a given time, and to reduce the 
stokehold temperature—not as forced draught. The orifice by 
which the air was taken to the stokehold was too small for 
ventilating purposes, and also for supplying forced draught; 
consequently they fitted large fans for the purpose of supplying the 
stokehold with air in order to feed the fans below. Sufficient coal 
could not be burnt before they were furnished with this assisted 
draught. Coming to the observations of Mr. Bolton and of Mr. 
Siemetié on the same subject, he had not lost sight of the fact 
that electricity might form an important agent in the auxiliary 
machinery of ships in the future. With regard to Mr. Terry’s 
statement that the single-acting high-speed engine would be the 
standard type of the future, the Author was of a different opinion. 
The same observations had been made regularly for the last, ten 
years by advocates of this engine, but results went to show that 
the single-acting engine was as far off universal approval as 
ever. At the present moment it was not accepted by tho Royal 
Navy in any form at all, after every consideration had becn given 
it, and in the mercantile marine, from the Author’s own know- 
ledge, of a very extonded character, he could safely say that fifty 
double-acting engines were in use to one of the other type, so that 
until the single-acting engines could be radically improved, and 
the difficulties which had hitherto xecompanied the working of 
them had been overcome, the Author felt sure “hat tho onbles 
acting engine would still retain its position in the marine world. 
It was not to be supposed that it could not be made to run quietly, 
for when constructed of proper material, with ample bearing 
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Mr. Allen. surfaces, and accurate workmanship, coupled with a careful dis- 
tribution of steam, this form could be relied upon for silent and 
constant working as well as any other. Mr. Preece mentioned that 
in one of the ships of the Royal Navy at Malta they had eighty- 
six engines on board. That would not bear comparison with the 
mail boats, as probably seventy of those were idle during ordinary 
times. On the “Normannia” there were thirty-six auxiliary 
cylinders which were necessarily always at work to assist the 
main engines. That gave rise to the question whether some 
other moans could not be devised of concentrating these small 
engines under one head. Electricity was the only thing they 
could think of. At present they were endeavouring to se how 
far that ‘would assist in driving the fans themselves. He did not 
know whether it would be applied to driving pumps, although 
that might be done later on. A serious obstacle prevented the 
introduction of electricity for that purpose at present: while it 
enabled them, by increasing the speed, to reduce the diameter of 
the fans considerably, and thus to make them occupy a smaller 
space in the ship, there was this one objection to it, viz., the 
extremely high prime cost. In the case of the “ Normannia” they 
found that the increased cost of a set of motors and fans, together 
with generating plant, would be something like £3,000 over and 
above that of the present system. Every shipowner shook his 
head directly that was mentioned by way of experiment or 
otherwise. ‘The poor duty obtained from the small fan-engines 
would be balanced to a great extent by the large generating 
plant being confined to one small central station, so that it 
was quito likely it would come into use when they had better 
motors to assist them. With regard to Mr. Kapp’s remarks 
as to the reduction of temperature in the condenser, it was 
well known to all marine engineers that they would rather 
have a poor vacuum, so long as they could keep up the 
temperaturo of the feed-water. Mr. Ravenshaw’s remarks with 
regard to the consumption of oi] in double-acting engines were 
scarcely consistent with well-known experience. The Author 
found that an ordinary dynamo-engine, indicating 60 HP., would 
usually work for six hours, with a consumption of oil of nine 
pints. With reference to Mr. Oughterson’s criticism, the quantity 
given of 260 cubic feet of air required per Ib. of coal was 
one which he hil worked with for years past, and never found to 
fail. All ships were not alike; some had enclosed stokeholds, 
some were poorly made, and the leakage was considerable. When 
he had that figure before him he had in his mind that they were 
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dealing with new ships. With regard to the quantity which Mr. Allen. 
Mr. Oughterson imagined had been discharged by the 7-foot 6-inch 

fan, that gentleman omitted to mention the pressure. In the case 

he had given, the pressure should be 14 inch, and he did not think 

the discharge would then be more than 50,000 cubic feet. That 

was the result of a number of experiments he had made, extending 

over several years. 


Correspondence. 


My. E. A. Cowper found no reference in the Paper to the proper Mr. Cowper. 
shape & a fan-casing. He would, therefore, beg to call attention 
to the fact that it ought to be an Arithmetical Spiral, as stated in 
his remarks on Mr, R. Briges’s Paper on Rotary Fans.! 

Mr. W. Warren said the Author did not claim to have com- Mr. Warren. 
pletely enumerated the many classes of auxiliary engines used on 
board ships, but had confined himself to those of which his firm 
made certain special types. Incidental reference, however, was 
made by Mr. Siemens and others to the use of electric motors for 
driving winches and the lke. All were familiar with that most 
useful but imperfect machine, the winch, with its excessive waste 
of steam and its noisy spur-gearing—which latter was endured 
with a forbearance difficult te understand when it was remem- 
bered how differently these things were worked in America with 
almost noiseless friction-gear. Better than this, however, and 
what he particularly wanted to refer to, was the hydraulic system 
of working cargo, which besides being perfectly noiseless, enabled 
light or heavy goods to be handled much more rapidly than with 
steam-winches. This application of hydraulic power, apart from 
some difficulties in the use of it in very cold climates, was a 
perfectly ideal system, concentrating all the machinery into one 
place under the eye and control of the engineers. The new 
steamers of the British India Steam Navigation Company, the 
Messageries Maritimes, and a few others running to Australia and 
elsewhere, were all fitted with hydraulic cranes, with wire-ropes 
instead of chains, making all the movements so quietly that 
ordinary conversation could be carried on during cargo-working. 

Mr. C. Humpurrey WINGFIELD agreed with the Author as to the Mr. Wingfiek 
necessity for easy curves in the air-passages te and from the fans, 
but thought that the excessive loss of pressure referred to on 
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‘, Wingfield. pp. 15, 16, might have been partly due to ths delivery-pipes 


tr, Allen, 


being small. If the air-way through the firebars and coal was 
large as compared with the section of the fan delivery-pipe a 
considerable fall in pressure must ensue. Perhaps the Author 
would give his views as to the proper diameter of fan and of air- 
pipes for a given size of grate with a definite pressure of under- 
vrate blast. Ho thought the Table in the appendix required some 
little explanation. For instance, how was the 5°5 “lossin engine, 
dynamo-shaft and bearings” arrived at? Was it measured directly 
by a dynamometer between the engine and the dynamo while 
the latter was in full work, or was it measured by friction cards, 
or otherwise, whon the engine was unloaded? It was so gemark- 
ably constant that it looked as if some assumption had been made ; 
being the same when the engine ran free as when it was in- 
dicating 56:97 HDP., and this in a Table where the indicated horse- 
power was worked out to two decimal places! Professor Thurston 
had stated, as a result of some trials with non-condensing engines, 
that the horse-power per revolution wasted in friction by a given 
engine of this type was independent of the load. On the other 
hand some careful experiments by Walther-Meunicr and Ludwig ! 
showed tho horse-power wasted per revolution by a condensing 
engine increased slowly with the load. Professor Thurston’s 
results showed, therefore, that a friction-card taken when the 
engine was running free gave a true measure of the wasted horse- 
power at that speed whatever ‘10ad might be afterwards put on. 
The other experiments showed the contrary to be the case. If 
the Author had tested this point it would be of great interest to 
hear his conclusions. He desired to ask whether 9-29 should not 
be put in the indicated horse-power column as well asin the fourth 
column, and 5:5 in the second line of horse-power column, as other- 
wise he could not understand how these quantities were arrived 
at. Perhaps the Author would also state whether in estimating 
the losses in the dynamos the figures represented merely the 
electrical horso-power due to the current passing through the 
shunt-coils, or whether the waste power which gencrated Foucault 
currents in the pole-pieces, &ce., was estimated and allowed for. 
It would seem that this should be added to the figures for loss in 
the dynamo. 

Mr. Auten stated, in reply-to My. Warren’s remarks, that while 
hydraulic arrangemunts had been improved and introduced into a 
number of vessels for some time past, instead of mechanical means 


’ Bulletin de Ja Svc. Ind. de Mulhouse, vol. lvii. p. 140. 
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for raising, loWering, steering, and so on, it was clear that in the Mr. Allen, 
future electricity would supersede the former power. In answer to 
Mr. Wingfield, he was unable to deal briefly with the question as to 
the proper diameter of fans and air-pipes for a given size of grate, 
owing to the fact that every system required a different volume 
and pressure, but he hoped to collect particulars on this head later 
on. With regard to Mr. Wingfield’s remarks upon the Table of 
efficiency, the 5-5 HP. (which was the loss in the bearings of the 
dynamo-shaft) was carefully calculated from several diagrams 
taken while the engine was running light, and with the brushes 
lifted from the machine ; and it was assumed that the IP. wasted 
in fri@tion was the same at full load or any part of the load. In 
answer to the question whether 9°29 HP. should not have been 
put in the Indicated HP. column as well as in tho fourth column, 
the Author pointed out that the 9°29 HP. was entirely lost, and 
did not represent any useful work. It should be explained that 
the losses in the dynamo given in the third column, represented 
the whole power lost over the armature and field-magnets, and 
that it increased from light load to full load. 


20 January, 1891. 


Sm JOHN COODE, K.C.M.G., President, 
in the*Chair. 





The discussion upon the Paper by Mr. W. H. Allen, on “ Auxiliary 
Engines in connection with the Modern Marine Engine,” occupied 
the evening. 
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LIST OF MODELS, &c. 
EXHIBITED AT THE MONTHLY RECEPTION. 
18 January, 1891. 


Exhibitor. 
W. H. Atuen, Assoc. M. Inst. 
C.E. 


W. Anperson, D.C.L., M. 
Inst. C.E. 

Sir W. G. Armetronc, Mir- 
CHELL & Co. 

Sir B. Baker, K.C.M.G., 


Inst. C.F. 


M. 


Syp. W. M Inst. 
CLE. 

J. Wotre Barny, M. Inst. 
C.K. 

WintitamM Basnacn, Assoc. M. 
Inst. C.E. 

Lorp Brassey, K.C.B., Assoc. 
Iust. C.1. 

Cainp & RAYNER . : 

J. G. CuANDLER, Asaoe.. M. 
Inst. C.K. 

Trios. COATES . 

Sir Jas. N. DouGuas, M. Inst. 
C.E. 


BARNABY, 


J. & BE. HA . 
JouHn Hastie & Co. 
Higarnson & Co. . 


Joun Kirxaupy, Assoc. M. 


Inst. C.E. 


Objects. 
Centrifugal pump. 
Elcctrical gear for first-class cargo-stcam ers. 
Engine and dynamo. 
Single-inlet fan and engine. 
Magazine rifle and component parts. 
Model of floating stcam-crane at the Liverpool 
Docks. 
Electric motor. 
Model of the Forth Bridge. 
Model of a steam ferry-boat. 
Modcl of first-class twin-screw torpcdo-boat. 


a | 


Model of the Barry Docks, Cardiff. 

Model of the Tower Bridge. 

Case of samples of patent metallic packing for 
high-pressure engines. 

Albums (four) of photographs of scenery in 
Australia and New Zealand. 

Kyaporrptor for marine boilers. 

Set of modcls of beam-engine and “pumping- 
plant. 

Model of steam fire-cngine. 

Electric lighthouse-lamp with pair of large 
fluted carbons. ¢* 

Set of Douglas lighthouse-burners, oil and gas. 

Small air-engine for rotating the lantern at St. 
Catherine’s Lighthouse. 

Photographs of refrigerating machinery. 

Modcl of safety after-steering gear. 

Model of steam ash-hoist. 

Model of steam quarter-master (combined hand 
and steam steering-gear). 

“ Compactum ” Distiller. 

Drawing of fresh-water distilling and feed make- 
up machine on the §.S8. “ Lombardia” of the 
Royal Italian Navy. 

Drawing showing arrangement of heating and 
evaporating machinery in a mercantile steamer. 

Drawing of machine combining surface-conden- 
ser, feed-heater, and feed make-up as fitted to 
a triple-expansion engine. 
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Exhibitor® 
V. DE MICHELE, Assoc. M. 
Inst. C.E. 
C. A. Parsons & Co. . 
NAPIER PRENTICE . 


E. S. Preston, Assoc. M. Inst. 
C.E. 
R. C. Rapier, M. Inst. C.E. . 


T. Ricuoarpson & Sons 


ERNES® Scott & MOUNTAIN . 


Sresze, Gorman & Co. 
Joun I, Toornycrort & Co. 


W. H. Toruam, Assoc. Inst. 
C.E. 

Francis WIswALL, Assoc. M. 
Inst. C.K. 

A. F. Yarrow, M. Inst. C.E. 


Objects. 
Model of reversing-gear. 


Turbo-electric gencrator, with armature. 
Armature. 

Power-motor. 

Magnetic cut-out and fuses. 

Model of improved tuil-board for tip-carts. 


Model of sluices proposed to be erected on the 
River Thames at Richmond. 

Model of Morison’s No. 8 evaporator for marine 
boilers. 

Gun-metal casting of a fan-impeller. 

Model of magnetic-separator. 

Triple distilling feed-pump. 

Model of cold-air refrigerator and store. 

Model of guard-boat for defence of submarine 
mines. 

Modcl of shallow-draft patrol-steamer. 

Tubular boiler. 

Armstrong shell dug out of No.3 dock at Buenos 
Ayres after the revolution. 

Modcl of movable weir. 


Model and photographs of sca-going torpedo- 
boat. 

Photograph of an Argentine first-class torpedo- 
boat. ® 

Photograph of second-class torpedo-boat. 

Photograph of gun-boat for service on the 
Zambesi. 
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7 January, 1891. 
Sm JOHN COODFE, K.C.M.G., President, 


in the Chair. 
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(Paper No. 2491.) € 
‘‘ Machine-Stoking.” 
By Joun Freperick Spencer, M. Inst. C.K. 


STEAM engincering includes three distinct processes:—1l. The 
combustion of fucl and the production of heat. 2. The generation of 
steam by transmission of the heat produced by combustion. 3. The 
disposal of the steam generated for motive- or heating-purposes. 
Except only in the references to evaporation-trials and efficiency, 
the presont Paper is limited to the first of these, viz., the com- 
bustion of fucl and the production of heat. 

It would not be in accordance with the purpose or the scope of 
this communication to discuss the chemical theory of combustion. 
The heat-unit values per Ib. of fuel burnt to carbonic acid and 
carbonic oxide, 14,133 and 4,452 respectively, and the supply of air 
required for their formation, 141 and 76 cubic feet, are well known ; 
and both in machine- and hand-stoking the conditions, which these 
figures give, have to be inct in order to effect perfect combustion. 
Experience has proved that with hand-firing sometimes an amount 
of oxygen is found in the waste gases leaving the boiler flues, equal 
to the whole quantity required for the complete combustion of the 
fuel. Such excess of air-supply is due to the difficulty of mixing the 
carbon and the oxygen perfectly ; and this difficulty is diminished 
by machine-stoking. The inequalities of hand-firing arise mainly 
from two causes, namely, adinitting air at the wrong time and place, 
and adding fuel according to the pressure gauge, without regard to 
the requirements of perfect cofnbustion. It may be admitted that 
with a uniform csvaporative duty (such as exists in many mills 
under careful supervision, and in water-works, where there is 
competent engineering superintendence) the deficiencies of hand- 
firing may be lessened, but they cannot be removed. 
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Machine-stckers are of two distinct types, called respectively 
coking- and sprinkler-stokers, both being supplied with coal 
from a hopper. In the coking-stoker the fuel is fed slowly on to 
the dead-plate, movable bars being provided for carrying it 
forward at a rate intended to be proportionate to that of the 
combustion required. In the sprinkling system the fuel is more 
or less evenly distributed on the grate by fans, beaters, or shovels, 
with or without movable bars. In both systems with moving bars 
it is claimed that when the fuel arrives at the forward end of the 
bars there is nothing left but ash and clinkers, which drop into a 
space provided for them, and from which they are removed through 
the a&h-pit. 

The Author proposes, after giving a brief sketch of the history 
of the subject, tg describe at length one of the most successful 
inachines of each type, selecting for the purpose the well-known 
coking-stoker of Messrs. T.. and T. Vicars of Jiverpool and 
Earlstown, and illustrating the sprinkler type by the equally 
well-known machine of Mr. E. Bennis of Bolton. 

It is no matter of surprise that James Watt included a machine- 
stoker among his many inventions. The James Watt stoker of 
1785 was worked by hand, and consisted of two sets of bars one 
behind the other, the fuel being fed at the door end, and pushed 
forwards as it ceased to smoke, the smoke from the fresh fuel 
passing over and through the ynore advanced combustion at the 
bridge-end of the grate. Mr. C. Wye Williams, referring to the 
original specification says, “‘these words of Watt, ‘through, over, or 
among a body of hot, glowing coals,’ have led more men astray, and 
occasioned more ,waste of money, loss of tine, and misapplication of 
talent, than almost any other false light of the day.”* Mr. Williams 
points out that as the air passing through the coke or glowing 
coal near the end of the bars is exhausted of its oxygen by contact 
with the hot fuel—which oxygen has combined with the carbon 
to form carbonic acid—the only possible effect of endeavouring to 
prevent smoke by this method, will be that some of the carbonic 
acid will be reduced to carbonic oxide by taking up a second charge 
of carbon, thus causing the loss of a considerable quantity of heat. 
It is, however, evident this loss cannot occur if, in the system con- 
demned, provision is made for a supply of oxygen to meet the full 
demands of the carbon present in all stages of the combustion. 

In 1816 Dowson invented a machine-stoker far feeding upwards 
by a piston, so as to keep a hot fire on the top. Some thirty 


1“The Combustion of Coal and the Prevention of Smoke,” by C. Wye 
Williams, 1854, p. 37. 
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patents have been taken out on this system by Juckes, Beeby, 
Frisbie of New York, and others. Frisbie’s method of feeding by 
three horizontal screens was the only one which was much used, 
and none of these inventions have been sufficiently successful for 
permanent adoption. 

In 1822 the two systems of coking and sprinkling were applied, 
by Brunton and Stanley respectively, to externally-fired boilers. 
Brunton introduced both the pushers for feeding and the movable 
bars, and he has been followed by nearly 200 specifications for various 
modifications of the coking machine. Among these inventors were 
Juckes, in 1841, and Bodmin, in 1843; the Juckes stoker being well 
known and largely introduced. The coal was fed from a he pper 
on to a moving chain-grate, the feed being regulated by a drop- 
shutter. It was only suitable for under-fired boilers, was deficient 
in power, not economical, and the maintenance was costly, but it 
was efficient as a smoke-preventer. The attempt by Taylor and 
others in 1873-4 to adapt this stoker to Lancashire boilers was not 
successful. 

In 1866 and 1869 Howarth and Vorsfall invented a coking- 
stoker with hollow fire-bars, fed with water from the boiler. The 
bars were stationary, and the coal was carried along by a saw 
worked by an eccentric; but frequent leakage led to its failure, 
although it was successful when in working order. 

Brunton’s system was meanwhile being modified in many im- 
portant particulars by Normand if 1856; Wilson and Smith 1863 ; 
Vicars and Smith in 1867, 1868. In 1879 and 1889 Messrs. T. 
and T’. Vicars introduced their most recent improvements in the 
coking-stoker. 

To complete this brief historical record of mathine-stoking it is 
necessary to return to the year 1822, when the sprinkler-stoker 
was introduced by John Stanley, his drawing representing the 
machine as applied to the wagon-boiler. The fuel from the 
hopper was thrown on the fire by three beaters or vanes fixed on 
a revolving shaft, and working in a case under the hopper. 
These stokers were fitted to many furnaces, and various modifica- 
tions were made by Church, W. and J. Galloway, Robert Newton, 
Rye and others. As in the case of the coking-stokers, the change 
from external to internal-firing operated against the success of 
the sprinkling system. In 1970 an American named Dilwyn 
Smith, in Liverpogl, dithough not an inventor or mechanic, saw 
the advantages of machine-stoking, and having obtained the aid 
of Mr. G. F. Deacon, M. Inst. C.E., Mr. Thomas Henderson, well 
known as a maker of sprimkler-stokers, and Mr. Edward Bennis, 
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the inventor dnd maker of the machine of that type selected for 
this Paper, succeeded in 1872-4, in producing an adaptation of the 
Stanley stoker to the Lancashire and Cornish boilers, which was 
fairly successful, although somewhat costly, and not fitted with 
movable bars. 

During the introduction of the Dilwyn Smith stoker, Mr. 
Bennis made a series of tests at the works of Messrs. Jackson 
Brothers, Wharf Foundry, Bolton, with a view to ascertain the 
advantages of combining the movable bars with the sprinkling 
system. Mr. C. Wye Williams had expressed the view that an even 
distribution of fuel, allowing free mixing of the air, combined with 
a self-cleansing bar, would produce the most perfect system of 
combustion that could be realized. At this stage of the progress of 
the sprinkling sygtem many of its advocates, and notably Mr. Bennis, 
held this view, and believed that the sprinkler-stoker was specially 
adapted to cases where there was a deficiency in evaporative duty. 
Mr. Bennis’s experiments in 1874 confirmed the advantage of the 
movable bars, and also led to one of the special features of his 
machines, namely the distrilution of the fucl over different 
portions of the fire-grate in succession. This was included in his 
specification dated April 1875, and in June of the same year Mr. 
Proctor claimed certain special mechanism for varying the dis- 
tribution. A costly litigation ensued, and both inventors are now 
actively manufacturing maching stokers very similar in character 
as to distribution of the fuel, but differing in the important items 
of the movable bars and the disposal of the clinkers and ashes. 

In consequence of the more active combustion in the sprinkling, 
as compared with the coking system, there arose a greater necessity 
for protecting the movable bars from the intense heat, and in 
cases where this protection has not been secured, the wear has 
been severe. Mr. Bennis claims to have succeeded in combining 
with the sprinkler-stoker a system of movable bars that can be 
regulated to suit any rate of combustion. Mr. Bennis also provides 
a supply of steam underneath and in front of the dead-plate by 
means of a j-inch or 3-inch pipe, perforated with holes ,', inch in 
diameter, and so drilled that jets of steam and air are blown along 
and between the line of fire-bars; the effect of this minute expen- 
diture of steam being to prevent the adhesion of clinker to the bars, 
and also, according to the inventor, to act as,an aid to combustion. 

Mr. Proctor fa introduced various improverAents in sprinkler- 
stokers since 1875, and one firm has forty-six furnaces fitted with 
his machines. 
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Coxina-Sroxers. (ILLUSTRATED BY THE Vicars MacuIne-SToKEn. ) 


Figs. 1, 2 and 3, Plate 2, show the new and improved mechanical 
stoker and smokeless furnaces of Messrs. T. and T. Vicars, applied 
to a Lancashire boiler 28 feet long, 7 feet 6 inches diameter, 
having two flues each 2 feet 9 inches diameter. Small bitu- 
minous fuel is deposited in the large hopper shown in Fig. 1, and 
by its own weight falls into four boxes—two for each furnace— 
from whence it is gradually pushed into the fire-places, by 
alternately reciprocating plungers (Fig. 3), falling first @n to 
a perforated dead plate 12 inches long, where it ignites, and 
thence on to the fire-bars. Each plunger receives its motion from a 
bell-crank lever connected with an eccentric and a strap, deriving 
its movement from the cam-shaft. This shaft, with its necessary 
fittings, is shown in Vig. 2. The hopper for this size of boiler 
will hold from 10 ewt. to 12 cwt. 

The bars have a peculiar reciprocating motion, being moved 
slowly forward simultaneously, but returning in two sections. 
Figs. 4 show how the connection is made between the bar and 
dog-shaft for each furnace. These connecting pieces are technically 
called upper and lower keys, and transmit a reciprocating move- 
ment from the dog-shaft to the kars. Here one set of the bars, 
namely those attached to the leading or upper key, is seen to 
be drawn away from tho end of the grate to the maximum distance, 
viz., 4 inches. The alternate bars have a low seat in front as 
shown in Fig. 4, ¢, resting upon a lower cross-bearer attached to the 
lower keys, and the latter, having just been respectively released 
by a heart-shaped cam from their resisting pawl (which is provided 
to prevent the lower keys from coming forward with their bars 
before the due timc), are about to be drawn away from the end of 
the grate also, the same maximum distance, viz., 4 inches. Thus 
the bars receive their alternate motion. There are two hardened- 
steve] dogs, and one heart-cam connected with each set of keys, and 
two sets of keys to each furnace or flue. 

The bars having been brought backward, as shown in Fig. 1, 
and the cam-shaft having continued its intermittent motion, 
the leading dogs aye brought into contact with the stroke- 
bar, Fig. 4, b. @he positions of the other dogs at this point 
are seen on the left (Fig. 4, a); they do no actual work 
during the forward movement of the bars—and so, against the 
resistance of the stroke-bar pawl, which is attached to the upper 
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keys, the latter are pushed forward, and they drive before them 
the whole of the bars. The low-seated bars receiving this motion 
at the same time from the cross-bearer of the top bars, shown in 
Fig. 1, draw their connected keys after them, the latter con- 
veniently sliding over their resisting pawls, which act only in the 
backward stroke of the top bars and upper keys. In this way 
the burning mass of fuel is gradually but slowly carried for- 
wards. 

Such unconsumed fuel as reaches the end of the fire-bars, 
is discharged, together with the clinker and ash refuse, into tho 
flue, wherein a bank is thus formed acting as a bridge to close the 
end %f the ash-pit, and on which the combustion of the precipitated 
fuel is in due course completed, Fig. 1. The clinker and ash are 
removed from the combustible matter at the back, and drawn out 
from underneath at intervals varying from three to twenty-four hours 
according to the quality and quantity of coal consumed, no opening 
of the fire-door being necessary for this cleaning; sufficient, however, 
is left in the back, or on the bottom of the flue to form a close bank 
against the admission of cold air through the bars and into the 
combination chamber (Fig. 1). A small quantity of steam is 
allowed to blow upon the end of the bars from a jet, and tends 
to keep them and the bearers cool. 

The supply of fuel is regulated with facility by a simple 
mechanical arrangement (Fig.,2), consisting of a quadrant and 
clicks. The stroke or travel of the bars may be adjusted to any 
length less than 4 inches, by altering the position of the stroke- 
bar from that shown in Fig. 4, and pushing it inwards. When 
the resisting qlick is in the first tooth of the draw-bar, the 
part for contact with the dog falls outside the circle of motion 
made by the latter, and this being so the bars remain at rest; 
but between these two positions they may be made to move, and 
the fuel fed, according to the work required from the boiler. 
The formation of clinker is prevented hy this method of moving 
back alternate bars at the same time, and the admission of air 
under them is also rendered uniform. The whole machine stands 
on strong girders bedded on the ground, which relieve the front 
plate of the boiler from any strain. 

The driving-power is supplied by a shaft which may be placed 
either above or below the stoker, and oy which are fixed two 
eccentrics, each actuating a ratchet-wheel and pawl, Fig. 2, and 
thus communicating to the dog-shaft the intermittent motion re- 
ferred to. The eccentrics on the driving-shaft are so fixed that the 
lutter does not bear the strain of the whole machine at any one 
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time, one dog-shaft being at work while the other is at rest, so 
that the boiler has a constant supply of fuel. Hand-firing may be 
easily resorted to by opening the large door between the plungers 
(Fig. 2). 

The driving-shaft has a constant rate of from 18 to 20 revolu- 
tions per minute, and the dog-shaft being regulated entirely 
by the arrangement already referred to, can be made io revolve 
at any speed up to 3 or 4 revolutions per minute, and needs little 
or no lubrication. Smoke is entirely prevented, inasmuch as no 
coal is allowed to pass on to the bars without first mixing with 
the perfect combustion already going on, and any smoke resulting 
from the mouth of the fire is completely consumed before it” has 
left the grate. 


e 
SPRINKLER-STOKERS. (ILLUSTRATED BY THE Bennis Macurye.) 


In this arrangement, as applied to the ordinary Lancashire 
boiler, a hopper is placed directly above the centre of each furnace, 
so as to leave room for glass water-gauges and steam-gauge between 
them, and so that each fire may be independent of the other. 
Underneath this hopper is a throwing apparatus or stoker, con- 
sisting of a cast-iron box LB, with a dhelt C inside. On this shelf 
a pusher- -plate D slides, being actuated by the lever L, which 
receives its motion from the scroll-cam H. 

The scroll-cam is made in two parts, so that it may be closed or 
opened by hand-nuts on the long end. The effect of this arrange- 
ment is, that the motion of the pusher-plate D can be exactly 
regulated, and the fuel at each stroke measured with great accuracy. 
The pusher- plate D, being drawn back by the lever L, as much 
fuel falls in tront of it as fills up the blank space left by its with- 
drawal; it then moves forward again, the coal being propelled 
before it so as to fall over the edge of the shelf C, in front of the 
shovel 8, ready to be thrown on the fire. 

The throwing-apparatus consists of a V-shaped shovel 8, resting 
on the bottom of a cast-iron box B. This shovel 8 is hinged 
to the lever or shovel-arm M, which latter is screwed on to the 
side of the box, so as to obtain sufficient length of stroke without 
making the shovel deep. On the side of the shovel-arm is a 
projection against which the tappet T presses so as to draw back 
the sevelar and shovel, against the pressure of the throwing- 
spring P. It will be seen that in Fig. 6 it is drawn under 
the shelf C right away from the fuel. As the tappet releases 
the arm M, it darts forward, and the shovel 5S strikes against the 
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heap of fueR scattering it over the fire with more or less force 
according to the distance to which it has been previously drawn 
back. 

The tappet T 1s made with four different-sized lifts, so that in 
one revolution of the shaft O four throws of varying strength will 
be given. These throws are so adjusted that the first sends the 
fuel on to the front part of the bars near tho fire-door; while 
the next charge is thrown nearly to the end of the bars, and is 
scattered all across the fire over a space about 2 feet in length ; 
the third throw distributes the fuel just beyond the first, 
and the fourth beyond that again. The object of this particular 
arraggement is to give time for the consumption of the suddenly 
liberated hydro-carbons before a fresh charge of fuel is added, 
thus preventing smoke, and producing perfect combustion. 

Projecting from the shovel-arm M is the short lever F, to the 
end of which is attached a hardened steel pin G. Two springs 
work on this pin, being attached at their farthest end to rocking 
wing-nuts with hardened ends. When the tappet T lifts the 
shovel-arm M, the lower spring is drawn into tension, and the top 
spring is practically free from load. On the tappet releasing the 
shovel-arm, the latter bounds forward and reverses this position, 
coming almost at once to the point of rest. This arrangement 
gives perfect control over the distribution of the fuel, as by 
a turn of the wing-nut, the tension of the driving-spring may be 
sufficiently increased to throw the coal 1 foot or 2 feet further. 
Below cach stoker is a fire-door A, usually 10 inches deep and 
16 inches wide, so as to afford ample space for stoking by hand 
at night. This door is constructed to admit a small quantity of 
air, which passing through a perforated plate, is forced over a 
second plate, and then down close to the fire, where it discharges 
itself in small streams through a grid, keeping the outside of the 
door quite cool. 

In the Bennis Camel-Furnace (Plate 2, Fig. 6), the fire-bars 
are usually about 5 feet long from tho dead-plate to the end. At 
the front there is a depression about 3 inches deep, and then a slope 
12 inches long and rising 3 inches. Beyond this the upward 
slope is only about 1 in 48, but at the farther end of the bars it 
increases to 1 in 6. Thus the end of the fire-bar is much higher 
than the front, and the clinkers’and ashes have to ascend this 
hill to the clinker-chamber, in which they ‘ie until all their 
heat is given up and they are drawn out dark and cold. This 
movement of the fuel is effected by the whole of the bars being 
pushed forward a distance of 14 inch by the pressure against 
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the bottom projection on the bar U of the cam-bar E, and by the 
-washer-cams W (which are strung upon it, and are set at slightly 
varying points) bearing against the top projection on the bar 
at IJ. The bars are brought back to the front in series, so that 
only one in eight returns at the same time, leaving the clinker 
and fire 14 inch further forward for each complete revolution of the 
cam-shaft. The non-production of smoke is secured in this arrange- 
ment by the varying throw, combined with a continually clean 
fire; the supply of fuel being adjusted to the draught, so that the 
highest results as to production of steam and economy of fuel are 
secured. 

An important point in stoking apparatus is wear and tear® and 
in this machine the minimum is secured, as follows :—The gearing 
bracket Z, Fig. 5, Plate 3, is enclosed in covers to, prevent dirt and 
dust reaching the bearings, and all the working parts therein run 
in oil. All the cams, tappets, and other wearing parts are deeply 
chilled, and the wearing part on the shovel-arm is of hardened 
shear-steel. 

When machine-stokers are fitted with hoppers filled by hand 
the only labour saved as compared with hand-firing is that of 
slicing and raking the fires; but where there are several boilers 
in a range a more important economy can be effected by raising 
the coal with a Jacob’s ladder or elevator, and then conveying 
it in an overhead trough by a screw or tray-chain to each hopper 
as required (lig. 7). The elevators and conveying-screw aro 
driven from an over-head shaft, which may be the one used for 
driving the machine-stokers. In some cases this conveying-plant 
is also employed for removing the ashes and clinkers. 

In many machine-stokers a crushing-mill was formerly placed 
under the hopper and over the feeding gear, to allow large coal to 
be used, but this provision is now seldom introduced, preference 
being given to the smaller and cheaper coals which possess good 
calorific value but are not available for hand-firing without loss 
of evaporative duty. If, however, machine-stoking should be 
more generally adopted, it might be found necessary to have 
this crushing-gear either in the machine or at the collieries. 

Machine-stokers are generally worked by a small engine. For 
this purpose a 6-inch cylinder is ample for a range of twelve 
9-foot Lancashire boijers, and estimating the average coal con- 
sumption for thest boilers at 60 cwt. per hour, the fuel required 

for driving the machine-stoker would not exceed } cwt. per 
hour. To this must be added the loss of steam in the grate-jets. 
By a careful experiment made by Mr. Bennis, in 1882, it wis. 
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found that at 82 lbs. pressure the weight of steam escaping 
through sixteen holes each ,/;-inch in diameter was 35 Ibs. per hour. 
Supposing that these steam-jets only served to keep the bars 
clean and cool, there. would be a charge on the boiler fuel of about 
2 per cent., but experience has proved that a higher duty can be 
realized with than without the jets. 

The advocates of machine-stoking contend that the following 
advantages result from its adoption :—(1) Prevention of smoke; 
(2) Economy of fuel; (3) Increased and more uniform evaporative 
duty; (4) Economy of labour, when combined with conveying 
plant. 

1. Prevention of Smoke.—With the certain prospect of more 
strict legislature to reduce the smoke nuisance, its abatement is 
of great importance to the steam-user and the public. It is 
generally held that to prevent the emission of hydro-carbons 
in smoke, there must be on the same grate a green and a hot fire, 
a rapid and a slow combustion. With hand-firing this is only 
possible by keeping an intense fire near the bridge and a green 
fire near the dead-plate, or by the “ alternate-side firing’’ system 
advocated by Mr. C. Wye Williams. There is also a great ten- 
dency to rely on the deficient supply of air being rectified by the 
split-bridge. It has been stated that it is not necessary to have 
machine-stoking to prevent smoke, as it can be sufficiently 
reduced by careful hand-firing. This statement is possibly true 
as applied to cases where there is specially intelligent super- 
vision, but it is untrue as regards average steam-users and their 
stokers. Nor is the split-bridge a reliable remedy, unless the 
extent of air-admission can work in harmony with the stoking. 
It is true that M#7Parkinson’s application of the split-bridge has, 
when fairly tried, greatly reduced the emission of smoke; but this 
success is not independent of “careful hand-firing.” The great 
advantage claimed for a machine-stoker as a smoke-preventer, 
is that it is always working under Mr. C. Wye Williams’ essential 
conditions of a green and a bright fire on the same grate, much 
better localized than with “alternate-side firing,” when it is quite 
possible for the gases to escape on the green side without combin- 
ing with the oxygen on the hot side. With movable bars, 
machine-stoking is something more than a greatly improved sys- 
tem of combustion tending to smoke-prevention. It is an efficient 
remedy for smoke-pollution, and is the only system not dependent 
on that rara avis an educated stoker. Finally, with machine- 
stoking, one great cause of smoke in hand-firing is generally 
absent, namely, the frequent use of the slice and poker to rouse 
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the fire and toclean the bars. An observer outside a mill where 
the boilers are hand-fired, can count the firing and stoking times 
by the emission of smoke from the shaft. In machine-stoking it 
is only at long intervals that the door is opened, and then for a 
much shorter time. 

2. Economy of Fuel.—With reference to the economy due to the 
use of a cheaper coal in machine-stoking than 1s possible with 
hand-firing, the testimony is overwhelming, and is rarely con- 
tested; but it is not so generally known that, owing to the more 
perfect combustion in machine-stoking, the cheaper coal often 
realizes also a higher evaporative duty per lb. of fuel. 

In June, 1890, two careful trials of ten hours each weregmade 
at the Royal Paper Mills, Wandsworth, on a Lancashire boiler 
7 feot 5 inches in diameter, and 30 feet long, with two 2-foot 
9-inch flues, with the following results :— . 
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Quality of coal (small) Welsh | Bituminous 
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Water per Ib. coal . . | Tbs. 8°98 Ibe. 
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The fact that three firms alone have between them, either 
working or on order, 340 coking-stokers is strong evidence in 
favour of machine-stoking. 

The testimony in favour of sprinkler-stokers is equally satis- 
factory, as 1s shown by the following trials of Bennis stokers, one 
made wnder the direction of Mr. L. E. Fletcher, M. Inst. C.E., 
and the other under the dircction of the Author. 


Proceedings.) SPENCER ON MACHINE-STOKING. 65 


, Messrs. ARMITAGE and Ricpy, Warrington. 
Date, June and July, 1888. 
Boiler, Lancashire, 7 feet by 27 feet; two 2-foot 9-inch flues. 
Working pressure, 75 lbs. per square inch. 
Temperature of fecd-water, 55°. 

















_—_— | Hand-Firing. Machine-Stoking. 
{ 
Duration of trial . oo... 0... 56 hours 35 hours 
Coal consumed per hour 730 Ibs. 917 Ibs. 
Water consumed per hour. _ 450 gallons 677 gallons 
Water evaporated per Ib. of col 6°18 Ibs. 7°37 Ibs. 
Coal used (slack) 4s. Gd. to 58. 7d. per ton . | an 3 





There was a second trial on June 18th and 19th with almost 
identical results. Myr. L. KE. Fletcher, in his report to Messrs. 
Armitage and Rigby, concludes in these words :—“ It is clear that 
in these trials the mechanical-firing had a decided advantage 
as compared with hand-firing, the duty obtained from the boiler 
with it being much higher, the water evaporated per lb. of coal 
much greater, and this with fuel lower in price.” 

The other competitive test with hand-firing was at the Middle- 
sex Hospital, on a boiler of marine type, with one 2-foot 9-inch 
furnace-tube. To meet the demand for greater heating-power a 
Bennis stoker was ordered by the Author on the advice of the late 
Mr. Inglis, M. Inst. C.Ii., of Bolton, and previously to its being 
fitted, several careful hand-fired ®vaporative trials were made in 
September, 1889, with best large Welsh coal, the maximum duty 
realized being 195 gallons per hour, and 7:622 lbs. of water per 
Ib. of coal—a poor result, due chiefly to heavy firing and deficient 
air-supply and draught. After the sprinkler-stoker was fitted a 
number of tests were made, with the following results :— 
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1889. Welsh small and 

October 25... | 310 gallons 8°38 206° small rough 
| Hartley. 

November] . . | 284 ,, | 9°71 186° Welsh small. 
October 31. . | 190 5 | 10°78 193° a, 
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The test on the 31st of October was in order ‘to ascertain the 
consumption of fuel with the same evaporative duty as when hand- 
fired. With hand-firing the speed of air in the ash-pit, as measured 
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by an anemometer, was 400 feet per minute; but wth the stoker 
it was 750 feet. It isa general result of machine-stoking to largely 
increase the supply of air, and this may be partly due to the distur- 
bance of the fuel by the movable bars and the absence of a thick fire. 
8. An increased and more uniform Evaporative Duty.—The Author 
considers that greater evaporative duty may be expected with 
sprinkler- than with coking-stokers, the coking system having been 
chiefly adopted where the boiler-power is ample. There are 
cases, however, as at the Southwark and Vauxhall Waterworks 
at Hampton, where a Vicars’ stoker consumes nearly 30 Ibs. of 
coal per square foot of grate-surface. ‘The automatic supply and 
progression of the fuel gives great uniformity of evaporation, 

4, Economy of Labour.—This may be and is realized by machine- 
stoking, as the system permits the automatic supply of fuel to 
the hoppers. Mr. Campbell, of Perth, informed® the Author that 
ina range of eight boilers with conveyors, one man had been saved. 

In the mercantile steam navy machine-stoking is hardly known, 
only a few vessels being fitted with Henderson’s movable self- 
cleansing fire-bars. It would save the loss of cleaning fires, and 
give*a larger increase of evaporative duty than forced combustion 
by ffans, and with much less injury and inconvenience. An 
increased duty of at least 10 per cent. from a ton of coal might be 
obtained with the employment of less highly-skilled labour: In 
addition to these advantages, all classes of cheap coal would be 
available for steam-ships, and sn®ke would be prevented—a great 
boon for the passenger traffic. 

The number of furnaces fitted with machine-stokers and working 
at the present time is approximately as follows :— 
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Juckes and othets, old style... 0.) 300 

Vienrs, .. ~ « « © 2,500 
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Fan AND Spring SprinKLER-STOKERS. 
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Dillwyn Smith and Henderson . . . . 1,500 

Whittaker, Hodgkinson, Carver ss 1,000 

Rye, Leech, and others . Ee “ea % 
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This would represent about 8,000 boilers out of an estimated 
total in the United Kingdom at the present time of 140,000, of 
only 5:7 per cent. fitted with machine-stokers, and it has taken 
nearly seventy years to achieve this limited success. It is osti- 
mated that out of the 140,000 boilers in the United Kingdom, about 
one-half are to be found in the three counties of Lancashire, York- 
shire and Cheshire, and about the same number—70,000—are 
under inspection by the Manchester Steam-Users Association and 
the several Boiler Insurance Companies. Possibly, if statistics 
could be obtained of the percentage of boilers working at the 
present approved high pressure, or of the percentage of compound 
or trPple-expansion stationary engines, the result would be some- 
what analogous to that of the stokers. In two large Boiler- 
Guarantee and Jnsurance Associations there are approximately 
1,010 boilers fitted with machine-stokers, or about 8 per cent. of 
the total number under the inspection of these associations. 

The tendency of all boiler-inspection is highly conservative, its 
chief aim being to ensure safety, and in some cases, good dividends. 
Its best work is repetitive, and that is opposed to progress and 
improvement, so that both in reports and circulars it is necessary to 
remember this and read between the lines. Machine-stokers are 
suffered, but not recommended, and this alone has affected them 
adversely. 


The Paper is accompanied py the drawings from which Plates 
2 and 3 have been prepared. 
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Mr. Cowper. 
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Discussion. 


Mr. E. A. Cowper did not think the Author had given as much 
credit to mechanical stokers as they deserved, but on the con- 
trary had been rather modest in claiming their advantages. To 
show that, he would take the case of steam-boilers in London, 
as local circumstances often greatly affected the proper treatment 
of steam-power. He made a great many experiments about fifty 
years ago on a steam-boiler with and without forced draught, 
using several kinds of American anthracite, as well as different 
sorts of English coal. He found that with a few alterations in the 
furnace, narrower bars, and a change to a cheaper fuel, namely, 
“Leases Main” in place of Hartley, he saved one-third of the total 
cost, and that without using forced draught. He tried letting in 
steam (perhaps in rather too great a quantity); but the general 
effect was to shift the heat, so to speak, further along the flue, in 
consequence of the production of hydrogen and carbonic oxide 
from the action of the water on the fuel and the subsequent burn- 
ing of those gases some 6 or 8 feet further on. That had the 
effect, to a certain extent, of consuming the smoke, not neces- 
sarily by preventing the formation of it, but by giving a 
higher temperature at the particular point where they wanted 
the hydrocarbons to burn. He thought it was very likely that 
the small jets of steam now introduced were not extrava- 
gant, and answered the purpose sufficiently well. Since that 
time he had made numbers of boilers, and found that when 
the air-admission was properly arranged, a little care in the 
stoking, namely, putting the fresh coal on the dead-plate and 
front of the fire, and then pushing it forward from time to time, 
would practically prevent smoke if the draught was properly 
reculated. He always admitted a certain quantity of air per 
square foot of grate when the boiler was not required to be forced, 
and in order to increase the supply of steam he let in a little 
more air by putting a screw through the fire-door, so that it 
would not shut within a 4 inch or } inch. That was a rough- 
and-ready means of oreventing smoke. In Liverpool and some 
other places they said the best plan was to give the stoker six- 
pence a week extra at the end of the quarter if no complaint had 
been made of smoke during that time. That was found to bea 
very successful remedy. He had a number of Vicars’ stokers 
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at work in aid about London, and they answered well on the Mr. Cowper. 
whole, although, of course, there was a certain amount of wear, 
and tear, as was the case with all machines working in the dirt. 
In arranging a mechanical stoker inside the tube of a boiler, it 
was advisable to line the bottom half of the tube for a short 
distance with curved bricks, forming an incline sloping down 
forward into the ashpit, so that any live coal that fell over 
the end of the bars might lie on the brickwork, and not on the 
bottom plates of the tube, which might be injured by it. He 
wished to call particular attention to the fact that in London 
people insisted on having their coal screened, and refused to take 
small goal and dust, which was consequently a drug in the market. 
It could be got at from 9s. 6d. to 11s. per ton, and with a good 
mechanical stoker would burn quite as well as coal at 20s. 
or 21s. which méant that they got the fuel at half price. The 
result was that the cost of power, with a good high-pressure 
expansive condensing-engine, from a farthing per HP. per hour 
with large coal was reduced in many cases to half a farthing per 
HP. per hour with small coal. He had an early opportunity of 
handling one of the Bennis stokers and of observing how it could 
be adjusted so as to make it throw the coal to a distance of three, 
four, five or six feet if they wished it. The saving in cost of fuel 
in places where large coal was dear and small coal was cheap, was 
80 great that he wished much more attention was given to the 
matter in London. In some localities where it would be necessary 
to break up the coal in order to get it small, the economy would not 
be so great. As to the saving in labour, it was necessary to put 
up lifting- apparatus and conveying-apparatus in order to deliver 
the coal just where it was wanted into the hoppers. He might add 
that it was very dangerous work for men to throw coal up to a 
high level, as it strained them, and often produced rupture. 

Mr. E. N. Henwoop said the plan of firing boilers by the Mr. Henwood 
mechanical stoker was no doubt very clever, but in his opinion 
the use of liquid fuel would altogether put coal out of the market. 
He had a vessel fitted on his plan. The fuel was either a residue 
from coal or gas-tar, known as creasote or green-oil, or astathi, the 
residue from crude Russian petroleum. The evaporation derived 
from that boiler working at 60 lbs. pressure was over 30 lbs. per lb. 
of fuel. He also fitted it, in 1887, to a steam yacht of his own, the 
“ Ruby,” which was running for several et) s onthe Thames, and 
was viewed bya great number of people including a representative 
from Lloyd’s, from the Admiralty, the Board of Trade Surveyor, and 
other gentlemen. There was no trace whatever of smoke on any 
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r Henwood. occasion, and no stoker was required. In the CaSpian and the 


fessor Ken- 


ie 


Black Seas several vessels had been running with liquid fuel. 
Professor ALEXANDER B. W. Kenxepy remarked that further infor- 
mation was desirable on one or two points. The matter of the 
economy of fuel in the use of a machine-stoker was of the 
first importance. In all the illustrations given, with one excep- 
tion very poor fuel was used. In that one case, with good 
Welsh coal they got on the whole a very fair evaporation, but 
nothing remarkable or more than could be obtained with ordinary 
stoking. In the other instances poor coal was used, so that 
they were brought back to the point which Mr. Cowper had 
emphasised, and which was of great importance, viz., that it 
was perhaps possible by the use of machine-stokers to get smoke- 
less combustion with a much cheaper fuel than would other- 
wise be used. Obviously, if the poor fuel was only half the price 
of Welsh coal, and if it conld be made to do the same work with 
equal absence of smoke and with only an increase of 50 per cent. 
in weight, it was cheaper to use it. He should like to know a 
little more on that point, and also the actual value of the fuel 
employed in the particular experiment cited. With regard to the 
small steam-jet used both with the Vicars and with the Bennis 
stokers, he had not himself made measurements of either, but any 
one who had had experience of the use of steam-jets in furnaces 
would know that they were apt.to be a serious snare. A small 
hole in a boiler with 120 Ibs. pressure im it got rid of a large 
amount of steam. Ho did not mean to say that the figures given 
in the Paper were not quite right in this particular case, but he 
had been the means of disappointing so many gentlemen who had 
systems involving the use of steam-jets, by insisting on the measure- 
ment of the steam used in them, that he thought it only fair to 
say a word about it. Any one who had works or stations of any 
kind in London, was obliged to use some means for preventing 
smoke, whether le got a good economy out of it or not. In 
his own case, at an electric-lighting station not very far distant, 
he was at present simply using good Welsh coal and good hand- 
stoking. They did not get any smoke, and the economy was as 
great as could be obtained under similar conditions from the 
boiler, under any system of firing. Perhaps some one could 
state whether these machine-stokers were adaptable to the case 
of work which yas Varied quickly. Every one knew that if 
a fog came on, a London electric lighting station might 
have its load increased four- or five-fold in ten minutes. He 
would like to know to what extent they could rapidly work 
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up the combustion in one of those boilers, or reduco it again Professor Kens 
if required. He did not know whether the economy of labour "4: 
alluded to was a misprint, but surely it must be something more 
than the Author had stated when he said that Mr. Campbell, 

of Perth, in a range of eight boilers saved one stoker. If that 
was all, the saving was very small. In cases whore he hail 
tested boilers and stokers of that kind and obtained thoroughly 
good results, he had not found that the amount of air used differed 
much from that required with good hand-stoking, nor that the 
composition of the furnace gases taken from the chimney was 
very different. The Author very properly hinted that there were 

a good many small places where stoking was carelessly done 

in which the advantages of machine-stoking might possibly be 
obtained. With roference to a remark made by the last speaker 

as to the evaporation due to oil, he believed the figure he 
mentioned was 40 or 50 per cent. in excess even of the theoretical 
value of most oils. 

Mr. W. Linton Eskricue was in a position to answer the Mr. Uskrigge, 
question as to the power of the stoking machine to raise steam 
quickly, and to let it down when it was not required. A 
manufactory in Lancashire with which he was connected had 
sixteen sprinkler-stokers at work, and he could therefore speak 
from practical experience. ‘They had adopted a regulator which 
acted in the following way. ‘The damper being wide open, the steam 
gradually rose, either because of the firing, or because some por- 
tion of the work was shut off, nutil at last the pressure reached 
the desired amount, usually 100 Ibs. and lifted the small safety 
valve A. When ‘this occurred, the escaping steam acted with the 
full pressure in the boiler on the column of water contained in the 
pipe BB, and raised the bellows CC, thereby partially closing the 
damper DD, and at the same time throwing the belt driving the 
machine stoker on to the loose pulley, and stopping the steam-jets 
under the bars. As soon as the pressure fell to 100 Ibs., or just 
under, the weight E opened tho damper, started the stoker, 
and turned on the stean-jets. This action was so sudden 
and complete that as much as one-third of the work was often 
thrown off without causing the steam-pressure to vary more than 
2 or 3 Ibs. In that way a regular prossure was maintained, 
which, as practical people knew, was of great importance in 
cotton-spinning. The stokers were all of thessame type, and 
the automatic action of the regulator was perfect. As an old 
member of the Stockport Corporation, he might state that for 
twenty or thirty years they had a sub-committee formed from the 


ALL. Eskrigge 
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Nuisance Committee to take the smoke question it hand. A Bill 
was passed by which they were not allowed to make more than 
ten minutes of dense smoke. When he became a member of a 
Cotton-spinning Company, having to put in new boilers, the 
Directors decided to try if it were possible, by fitting them with 
automatic stokers to make a practically smokeless chimney. After 
much consideration they fixed upon the “sprinkler-stoker” as 


Fig. 1. 
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being the best. ‘T'he Medical Officer of Health, who supported 
this decision, watched the chimney for some weeks, and not 
seeing any smoke issuing therefrom, came to the conclusion that 
the “works” must be stopped, and wrote to ask the reason why. 
With regard tq anbther case in which the machine-stoker was 
applied in the town, the inspector gave up visiting the factory, 
as there was no smoke. They had gone to great expense in this 
matter of smoke-consumption, and having first put in eight 
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stokers, they had now added eight more. With regard to the Mr. Eskrigge, 
economy of fuel effected, in October, 1877, they were using 88 tons 

of coal per week, and they reduced the consumption to 76 tons of 

common slack, which to-day was worth 7s. 104d. At that time it 

was worth 5s. 104d. 

Mr. Ei. Bennis said machine-stokers on the sprinkler system pro- Mr. Bennis, 
duced more steam per minute than any hand-firing in the world. 
If the self-cleaning bars were efficient, the moment each charge of 
fuel was thrown on, it burst into flame; in fact, the fire-box was 
continually full of flame. The steam-regulator made by his firm, 
to which Mr. Eskrigge had referred, acted partially by closing the 
dampe%, and entirely stopping the machine-stoker as soon as the 
small safety-valve was lifted; the damper being only left 
sufficiently open to keep the fire up. Taking 80 Ibs. as a com- 
mon pressure in Lancashire, as soon as the steam rose above 
80, the damper was nearly closed and the machine stopped. 
As soon as it fell, say to 794, the work would begin again 
automatically, and the fire being red all over, directly the new 
fuel fell on it, the flame burst out with great vigour. Where steain 
was taken irregularly, the apparatus would keep stopping and 
starting again; but where the demand was more regular it would 
run for perhaps half-an-hour, then stop for a short time, and go on 
again, Cotton mills seldom threw off at any one time above 74 per 
cent. of the power employed, and in them the steam-pressure could 
be kept from varying more than } lb. In some works, however, 
they put on or off 40 per cent. of the entire power, but even with 
this variation in the demand the pressure could generally be 
kept within about 3 lbs. Supposing that at such a factory the 
boiler-pressure were 80 Ibs., they would set the regulator to 77 Ibs., 
and rarely indeed would any steam blow to waste. It was most 
important that the regulator should be connected with the stoker 
as well as the damper, in order to keep the steam steady. His own 
machine was a shovel-stoker, throwing the fuel on the fire in 
consecutive zones; but it was open to him to make coking stokers 
as well. The reason he had not done so was, because the boilers 
in Lancashire, Yorkshire and Scotland were generally heavily fired. 
In London the practice was to have a good many boilers, and to 
fire them more easily. With the Bennis stoker on an ordinary- 
sized grate, 56 Ibs. of small coal per square foot of grate per 
hour was being consumed night and day. When he first went 
into the business of machine-stoking, it was considered that a 
furnace which consumed 20 to 23 lbs. per square foot of grate per 
hour was doing very well. He was now testing hand- and machine- 
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Mr. Bennis, firing at one of the most important shee weet in Scotland, 
where by putting three mon to fire one boiler, they burned nearly 
50 Ibs. of fuel per square foot of grate per hour.! He had 
guaranteed to beat the evaporation by hand-stoking by 30 per cent. 
with his machine. An important point in machine-stoking was 
whether the machine could burn the same class of small fuel, 
largely in use in the north for hand-firing, with economical 
results. This was what they had to do in Lancashire. In 
London machine-stokers were highly favoured because the users 
could buy the best fuel in the country, viz., small north-country 

coal, at half the price of good Welsh coal. Again and again, 
with small north-country coal, he had equalled or beaten the 
results obtained by hand-firing with best Welsh coal, thus saving 
the whole difference in cost. He could nof do this in every 
instance, because the journey from Newcastle deteriorated the 
small fucl, and sometimes it had been lying in the yard for a 
considerable time. But whenever they got the small north-country 
coal fresh, they were able to obtain as good results by using it with 
the machine, as hand-firing would give with the best Welsh coal. 
Welsh large coal did not deteriorate quite so fast; but in London 
hand-firing had not done as well ton for ton or hour for hour with 
it as his machine-stoker had with north-country small fuel. It 
had been stated in the discussion that nearly all the tests had 
been made at low evaporation per Ib. of fuel. That was 
necessarily so, because nearly every one who adopted stokers 
used common sinall coal. He had a case at Mr. Rich’s mills 
at Stroud where 11 Ibs. of water was evaporated per lb. of 
fuel by hand-firing, and 124 Ibs. per Ib. of the game class of small- 
coal with the machine-stoker, showing that the machine would do 
more work with the same fuel than hand-stoking. The same 
remark would apply to a properly run coking-stoker as to economy, 
but not as to increased production of steam per hour. In his 
experience, as the result of careful testing under independent 
inspection, coking-stokers were more applicable to lightly fired 
boilers, and by means of them better economy was secured than 
by hand-firing. But shovel-stokers could be used for heavy firing. 
He found that, provided there was no considerable raking of the 


1 The correct wa ght of fuel consumed per square foot of grate worked out to 
47 lbs. per hour, and not 50 Ibs. as stated. The machine-stoker consumed 
70 Ibs. per square foot ef grate per hour—the grate however being much 
smaller. The guarantecd work—30 per cent.—was accomplished with an in- 
creased consumption of only 15 per cent. in the boiler. 
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fires, the greater the consumption per hour, the greater -the Mr. Bennis. 
economy. On the contrary, in working by hand-firing it had been 
found that light firing produced the most economical results. A 
machine-stoker of the shovel type, from the regularity of its 
action, produced a more intense heat when urged up to its full 
power. As an illustration of this, he would mention that he was 
now conducting a week’s test at an important Lancashire paper- 
works where seven boilers were ordinarily used. He had at first 
tried six, but that morning he had reduced the number to five, 
having found that the machine-stoker was making too much 
steam, and even now there was more than was necessary. The 
reason was partly that stated by the Author, and partly also 
because the regular and intense fire being always clear from 
smoke, produced a greater heat in the boiler tubes, and the water 
took it up more rapidly. Again, when tle flue gases reachod the 
economizer they did not carry so much smoke with them, and the 
pipes did not get clogged up, so that a greater heat was attained 
there, as well as round the boiler. At the paper-works spoken of, 
the additional result obtained in the economizer was not equal to 
that attained in the boiler itself. The water leaving the economizer 
was only 30° hotter with machine-firing than during the previous 
hand-firing test when seven boilers were being used ; so that there 
was an increase in the work of the economizer of 14 per cent., 
whereas each boiler was doing 40 ner cent. more. The flue-gases 
entered the economizer at an average temperature of 750°, and 
left it at 450°, losing 300° in raising the water from 210° to 240°. 
Recurring to the low evaporation of 7 or 8 Ibs. per lb. of fuel, the 
fact must be taken into consideration that most firms endeavoured 
to use cheap coal. Frequently 2s. to 4s. per ton was saved in 
country places where, as the boilers were heavily fired, the mill- 
owners were compelled to use good coal for hand-firing. At the 
Palmer mills mentioned by Mr. Eskrigge, from 8 to 12 tons 
of coal was saved per week out of 96 tons, in addition to obtaining 
a considerable increase of power. It might be said that the 
machine-stoking had decreased the number of boilers used. ‘T'hat 
was so; but the three boilers were doing more work than the four 
formerly did by hand. Frequently with machine-firing 380 to 40) 
per cent. extra work was done on a given range of boilers, while 
the labour to the men was lessened. With regard to gas-firing, 
he had made an exhaustive series of tests at the Bilston Steel 
Works with Mr. Lithgoe, and the conclusion come to was, that 
no gas-firing could compete with the direct combustion of coal 
in the boiler, because it was not economical to carry on two 
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Mr. Sugden. 
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processes when the same result could be obtained by one. He 
formerly shared the popular belief among engineers, that when 
carbonic acid gas was passed over coke fires, carbonic oxide was 
largely produced. His opinion now was that this was an error, as 
in no case had he been able to detect carbonic oxide in con- 
siderable percentage in flue-gases from boilers, and Mr. Fletcher 
had shown in his numerous experiments that carbonic oxide 
could rarely be got out of boiler-chimneys. They might, of 
course, find a trace; but the gas was so inflammable that if 
there was any air present it would burn. Under these circum- 
stances he was unable to account for the fact, having made a 
good many experiments with coke-firing, that they couldunot get 
the same evaporative duty per lb. of coal, nor the same work 
out of a boiler by coke-firing, even with a steam-blast. Of 
course in steel-works where they had short chimneys and great 
pressure, the carbonic oxide would come out of the top of the 
chimney and burn there, but he was speaking of boiler-flues. 
Mr. Fletcher, who had made a great many more experiments than 
he had, said that only where there was dense black smoke did any 
carbonic oxide escape from chimneys. 

Mr. Tuomas Suapen said one thing that appeared to him peculiar 
in the two systems of stoking was the length of the fire-bar, which 
was shortest in that machine in which apparently it ought to be 
longest. The coking-stoker, where part of the surface of the grate 
was taken up by the coking, had a very short bar, while the 
sprinkler-stoker, where the whole of the fire-bar was available for 
making steam, had a much longer one. He should like to know 
the reason of this. With short fire-bars the heat was too much 
localised, and would have rather a detrimental effect upon the 
boiler from being confined to such a limited space. With respect 
to the windage and the admission of air to support combustion, 
the Author stated that the moving-bar kept the spaces open, and in 
consequence a much greater velocity of air escaped through. He 
imagined that this greater velocity of air was due rather to the 
grate-surface, which, in all mechanical stokers, was much smaller 
than in an ordinary furnace. In the ordinary Lancashire boilers 
the grate-surface would be 6 or 7 feet long at the least. In 
Bennis’s stoker the bars were 5 feet, and in the Vicars about 
3 feet 6 inches long, so that in burning the same amount of 
fuel the necessery quantity of air would have to pass through a 
smaller area, and consequently the velocity must be greater. He 
preferred this explanation to that given by the Author, namely, 
that the bars were always clean. In the Vicars’s stoker there 
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was a steam-jet | cool the end of the fire-bars, and in the other mr. Sugden. 
stoker the steam-jet was used to keep them clean and cool; but he 
should think that they required an account of the smaller grate 
surface that the draught should be assisted. Most people, in putting 
up mechanical stokers, would find that unless they had a very good 
draught they would not work so well, because with a limited 
grate-surface a stronger current of air was needed; so that 
possibly they might not get the same result unless they employed 
some kind of forced dranght. In his experience one of the great 
difficulties about mechanical stoking was that of constructing the 
machinery, and also of keeping it in order. Making fire-bars 5 or 
6 feet lang was a serious matter, and in most instances they did 
not last a great while—sometimes not more than a few weeks. 
In addition to this there was a natural prejudice on the part of 
firemen against mechanical stoking, because they thought it would 
do away with skilled labour and make their positions worse. It 
was necessary that people who put on mechanical stokers should 
consider that when men were determined that a machine should 
not work it was very rarely indeed that it was found to go 
satisfactorily. He had with him the results of some experi- 
ments which he had made with the coking-stoker, extending 
over a period, in one instance, of seventy-four days, and in 
another instance of fourteen days. By hand-firing during 
fourteen days, 159 tons of coal at 15s. 3d. a ton. were burnt. 
That quantity of coal forced 2,875,176 gallons of water into 
the main against the constantly accumulated pressure of 720 Ibs. 
per square inch. When mechanical stokers were fixed for the 
same boilers, the result was that 492 tons of coal burnt, at 11s. 3d. 
a ton, forced 10,146,583 gallons of water into the main under the 
same conditions. In this case mechanical stoking just saved the 
difference in the price of the coal, or about 25 per cent. The 
evaporative tests in both instances were nearly the same. 

Mr. W. H. Preeck wished to emphasise one point raised by Mr. Preece. 
Professor Kennedy, because it introduced a problem that was 
exercising the minds of electrical engineers, and compelling 
them to call in the aid of the mechanical engineers, and esje- 
cially of those who advocated mechanical stoking. The varia- 
tion of load during a day of twenty-four hours was a very 
serious item, and he would put it before them in the shape of 
a diagram. The horizontal line, Fig. 2, represgnted the day, ~ 
starting from midnight, and the load of the apparatus in the 
central station, that was to say, the HP. converted into the 
electrical energy supplied to the district, was measured upon the 


ha 78 DISCUSSION ON MACHINE-STOKING.. [Mingtes of 


Mr. Preece. vertical lines, which might represent any amount of power they 
chose, say 1,000 HP. At twelve o'clock at night there were still 
a few dissipated gentlemen found out of their beds, and a certain 
amount of light was used, which dwindled down to something 
very small at four o’clock in the morning. At that hour there 
was always somebody wanting light, and busy men like engineers 
were commencing to rise. At times on dull mornings they re- 
quired light at the breakfast table, and the load mounted. Then 
breakfast being over, having read the newspaper and gone to 
business, the load fell again, and at twelve o'clock it reached 
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a minimum At that time of the year between three and 
four o'clock in the afternoon there commenced a very sudden 
rise—shops, offices, places where business was transacted required 
light ; and not satisfied with light in their business places, they 
required light when they went home and dressed for dinner, at 
which time between seven and eight o’clock at night there was 
the maximum power required at “the station. When they had 
gone to the theatres the load descended at a rapid rate until it 
reached, at the.and of the diagram, about the same value which it 
had at the commencement, twenty-four hours previously. This 
was an illustration of the way in which the load of a central 
electric-lighting station might vary. From four o'clock until six 
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there was a sudden rise from about 50 or perhaps 100 HP. up to Mr. Preece. 
1,000 HP. Of course, at the present moment, he was dealing with 
electric lighting, because the public generally were not yet educated 
to the use of small motors. When they did become so educated 
the diagram would be rather modified. Electrical engineers had 
watched with a good deal of interest these mechanical stokers. 
In the new Post Office, when they introduced pneumatic tubes 
the boilers were fitted with mechanical stokers, and they found the 
variation of load was very much of the same character. Naturally 
when the business man got to his office at about eleven o'clock he 
sent messages away with great rapidity up to twelve o'clock, 
and if ge were to draw a curve indicating the variation of 
the telegraphic service, the maximum point would come at 
twelve o'clock midday, instead of late in the evening. It was 
quite impossible to’get that sudden rise of work by means of the 
mechanical stokers, and they were obliged to remove them. He had 
had a good deal to do with electric-lighting stations, but there was 
only one central station that he knew of in this country where me- 
chanical stoking had been introduced, viz.,at Newcastle,! and they 
were watching its performance with a good deal of interest. It had 
only been running a few months, so that nobody could tell at 
present what the result would be. He would call the special 
attention of those who were dealing with mechanical stoking 
to the question of the great rise between the hours of four and 
six o'clock shown on that diagrath. The effect of a fog in the 
morning would be to cause a sudden increase of the load in 
the morning, as in the case he had mentioned of the pneumatic 
tube. 

Mr. J. F. Spencer, in reply, said the great care with which mr. Spencer. 
Professor Kennedy always made his experiments warranted the 
supposition that a very efficient set of men were employed as 
stokers. One of the chief reasons for bringing forward the Paper 
was that good stokers were very few. The bulk of the work 
carried jon in the country was done by men who were seldom 
faithful to their duty, and it was undesirable to depend upon a 
system where the majority of those who had to carry it out 
were so inefficient. The necessity of mechanical stoking arose 
mainly from the circumstance that it was so hard to get what 
was called careful hand-firing. Thé difficulty at sea at present 
was to obtain efficient firemen, and if the system, of mechanical 


_ " He had afterwards learnt that they were used in the central stations in 
Liverpool. 
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Mr, Spencer, stoking in a modified and perhaps better form ka be applied to 
the Navy and mercantile marine, the advantage would be simply 
immense. 

It was noticeable that every defence of hand-stoking omitted 
reference to the importance of the ‘uniformity ” in the production 
of heat, which was the special characteristic of machine action 
as contrasted with hand-work. As a striking illustration of the 
value of economical arrangements that could not be materially 
altered by the man in charge, reference might be made to the 
greatly increased average economy of steam-power which resulted 
from having an unalterable expansion, as in the differential 
cylinders of compound or triple-expansion engines, in plece of a 
cut-off gear regulated by ignorant and often incapable men. With 
regard to Professor Kennedy's remarks as to the economy of 
labour, in Perth, it amounted to one-third; 4nd the steam-user 
would not consider that “very small”; the circumstances, 
however, in that case, were not specially favourable. With 
reference to the anemometer tests in the ash-pit it was not implied 
that the supply of air was increased in the ratio of the figures 
given, but that the draught was made much greater by the 
adoption of machine-stoking, giving, in fact, an increase in 
evaporative duty of upwards of 40 per cent., with inferior coal. 
The following table of actual tests made by Mr. Bennis formed 
the basis of the Author’s estimate of the weight of steam used for 
twelve boilers :— ‘ 


OvrFLow oF STEAM INTO THE ATMOSPHERE (1882), 





Lbs. Steam . Velocity. Feet 


























Boiler : os i Distance es 

Tressure. | Supply-Pipe. from Sviler. Exit Holes. | Used. per Second. 
Lbs. Inch. Feet. Inch. | 
82 $ | 6 16 of 4 | 342, ~—s- 11,300 
82 4 i 6 1G  ; 916 1,200 
82 + | 6 16 4 | 255 950 
31 + | 6 16, & | 722 | 850 
82 $ | 8 1, 4 | 5,870 ° 1,150 

| | 


It was a matter of regret that so little reference was made in 
the discussion to ¢oking-stokers, and it might be fairly assumed 
that whether the coking or the sprinkler type of machine should 
be adopted would depend to a great extent on the special 
circumstances of each case. If the attention of engineers and 
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steam-users could be directed to the importance of substituting Mr. Spencer. 
these machines for human stokers the results might prove as 
important in economizing the production of steam, and in puri- 

fying the atmosphere of the manufacturing towns, as those derived 

from the use of increased pressure and engines of improved 
construction. 


Correspondence. 


Mr. §. Cotyer noticed that the Author stated that the Juckes’ Mr. Colyer, 
furnace “ was deficient in power and not economical,” and that 
“the attempt to adapt this stoker to Lancashire boilers was not 
successful.” Speaking from personal experience he might state 
that ho had used these furnaces largely for nearly thirty years. 
They had becn most successfully applied to Cornish and Lancashire 
boilers, and also on a large scale to brewery coppers; in the case of 
hoilers, they had been employed inside the tubes as well as under 
the shell. For coppers they had heen used by hin in sizes of from 
15 to 54 square feet, and in boilers from 15 to 40 square feet. 
The saving effected in the cost of coal was from 20 to 25 per 
cent., allowing for the wear and tear of the furnaces. In experi- 
ments and tests made by him some years ago, using two 35 
nominal JIP. Lancashire boilers,° 1 Ib. of common slack coal 
evaporated 104 lbs. of water. These experiments were made 
at a large sugar-house, and were spread over a period of one 
week; the coal bill at this place at the end of the year, taking 
into account the ‘number of hours the boilers were worked, 
showed a saving of at least 25 per cent. He also carried out 
some tests at one of the largest breweries in Burton-on-Trent, 
where these furnaces were applied under brewing-coppers, and 
found that with the commonest slack and dust from a Midland 
Colliery, the saving in cost of coal was 30 per cent. As to the 
evaporative power in this case, repeated tests were made with two 
coppers worked side by side, into each of which sixty barrels of 
water were put, one of them being heated by an ordinary hand- 
fired furnace with large coal, and the other by a Juckes’ furnace 
with common slack, The water ih the copper heated by the 
Juckes’ furnace was boiled in two-thirds of the time required in 
the case of the one heated by an ordinary fire. He could quote 
many similar instances where experiments had fully established 

[THE INST. C.E, VOL. CIV.] G 


82 CORRESPONDENCE ON MACHINE-STOKING. [Minutes of 


Mr. Colyer. the large economy of this type of furnace. Oné of the largest 
breweries in London had used Juckes’ furnaces for about forty years, 
and they still had twenty-two large ones at work and found them 
the most economical furnace for the purpose. Nearly all the large 
brewers, both in London and Burton, employed them, and during 
a long expericnce he had never known them to fail. He had many 
times successfully applied these furnaces inside the tubes of Cornish 
and Lancashire boilers, the tubes being from 2 feet 6 inches to 3 
feet in diameter, and found that the economy was as great as when 
they were placed under the shells of other boilers of hike type. He 
was aware that there were failures some years ago in the cotton 
districts, where the furnaces were constructed by inexperienced 
people and were badly made, but in this case the manufacturer should 
take the blame. The fact that for forty years they had been and 
were still largely used was the best answér to the Author’s 
statement. There were several other furnaces not named, that 
had been extensively used for the prevention of smoke, such as 
Copeland’s, where the coal was introduced under the fire. The 
objection to this method was not any want of economy, but 
because only those kinds of coal could be nsed that would cake 
together. The Paper might have been entitled “A description of 
Vicars’ and Bennis’ Machine-stokers,” but Mr. Colyer considered 
that there were others of the same type, equally good, which 
should have been described if prominence was to be given to 
any particular class. There was nothing novel in either of the 
furnaces described. Jets of steam were used under the fire-bars 
upwards of twenty years ago and were still employed by many 
people. He fully endorsed Professor Kennedy’s statement that 
the expenditure of steam in the jets described was more than 
many people supposed ; it probably cost more than any saving 
effected by the increased draught or the preservation of the bars. 
Pans of water placed under furnace bars would prevent them from 
burning out rapidly, and would also help the dranght when it 
was sluggish, and this plan involved no expenditure of steam. 
The evaporation per Ib. of coal by Vicars’ furnace, viz., 8°98 lbs. 
water, was far behind that effected by Juckes’ furnace, which 
would evaporate from 10 to 11 Ibs. of water per 1 Ib. of fuel of the 
same quality. He had lately seen near Glasgow Juckes’ furnaces 
working under water-tube and other large boilers with great 
economy, the heating power and easy way in which steam 
could be kept up being all that could be desired. If they could 
be used with advantage where the coal was so poor and so cheap 
it was surprising that many large firms did not apply them. 


\ 
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He might state that he had no interest in either Juckes’ or any Mr. Colyer 


other furnace. He had refrained from entering into any par- 
ticulars of other good furnaces for the prevention of smoke 
because they were not named in the Paper. It was to be re- 
gretted the Author did not treat his subject more fully and 
generally instead of confining himself practically to the descrip- 
tion of two out of many mek ines of this class. With refer- 
ence to the remarks of Professor Kennedy and Mr. Preece, there 
was no difficulty in working any of the good mechanically- 
fired furnaces, where the demands for steam were not regular, 
as the speed could be adjusted to suit and the motion of the 
bars s&pped if necessary. There was no doubt that furnaces 
of this class supplied a more regular amount of steam than 
hand-fired furnaces, and that there was a great advantage in 
working with a thick and even fire, and in not having to 
open the fire doors and let in cold air to the top of the furnace 
where it was not required, and where much damage was donc 
to the plates of the boiler. The most severe test of this kind 
was in the case of a brewery copper, where the fire had to be 
entirely drawn immediately the wort was sufficiently boiled, 
and then quickly returned to the furnace in order to boil the 
next quantity. In the case he had referred to one-third of the 
time was saved by the use of Juckes’ machine. He had also 
had other cases, where steam wharf-cranes were employed, and 
where the demand was intermittent. Machine-furnaces had 
been found in practice to be the best, and by far the most 
economical and efficient in every case where they had been in- 
telligently applied, 

Mr. G. D. Dennis remarked that he had had long experience in 
the management of hand-fired boilers, and one of the largest private 
electric-lighting stations was now under his superintendence, 
where there were four double-flued boilers 30 feet by 7 feet 6 
inches. Two of these had been fitted, by his advice, with Vicars’ 
mechanical coking-stokers. So far they had given every satisfac- 
tion, and as much steam could be obtained from these two boilers, 
with small-coal costing 10s. 6d. per ton, as from the other two 
using best Nottinghamshire steam-coal at 18s. 6d. per ton and 
firing by hand. These machine-stokers would meet a sudden call 
quite as quickly as hand-fired boilers, and they only required to 
be tried under such conditions as existed at slectric-lighting 
Stations to be generally adopted. They had given no trouble, 


and the chimney was always clean. More coal could be burnt 


with them than by hand-firing, and with this advantage, that 
Gg 2 


My. Dennis. 


- Mr, Dennis, 


Dr. Proell. 


Me. Reynolds. 
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the mechanical stokers always put the coal in the right place, 
viz., on the dead-plate end of the furnace, thus causing all 
the products of the early combustion of the fuel to pass over 
the incandescent mass. Arrangements were being made to 
fit the other two boilers with machine-stokers of the same 
make. 

Dr. R. Prori. was convinced that apparatus of this kind was 
capable of giving good results with respect to economy of steam 
and smokeless firing, and he found no difficulty in accepting the 
Author’s figures with regard to those points. But it was doubtful 
whether it would also be possible to keep the machine constantly 
in good working order. The separate parts would suffer 2 good 
deal from the strong heat radiated by the furnace and would soon 
warp to such an extent as to lecome useless. Mechanical stokers 
would not he very largely taken up in Germany. In that country 
the greatest stress was laid on the thorough training of the stokers 
in special schools for firemen. In this way the people learnt 
what were the conditions of economical and smokeless firing, and 
the boiler-makers also on their side were urged to build furnaces 
in which these conditious could be realized. Systematic practical 
experiments with various kinds of boilers had shown that it was 
actually possible to obtain an economical and almost smokeless 
combustion with hand-firing. That was the conclusion to which 
be had been led by his own experience. If in England the 
system adopted with respect to the teaching of the firemen was 
different, then thore might be scope for mechanical stokers. But 
besides these things the quality of the coal and the nature of the 
demand for steam had to be taken into account. If the former 
coked very much and the latter was variable, then the machines 
would not behave so well as they were otherwise capable of 
doing. 

Mr. Epwarn Reyxours hoped that the question of the appli- 
cation of machine-stoking to marine purposes would he raised. 
The chief difficulty appeared to be that a steam-ship did not 
average a level floor, and that in consequence, one side of the 
bars became bare when machine-stokers were used; consider- 
ing, however, that circular furnaces were almost universal, and 
that such variations of weather as would make a permanent 
change in the average list of the ship were not sudden, it 
would appear to be perfectly practicable to make an automatic 
device whereby the position of the bar-frames, &c., in the 
circular flue might be adjusted to suit the average list of 
the ship on its course, and this having been provided for, the 
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makers of machine-stokers would find an enormous field open Mr. Reynolds, 
to them. 

Mr. SPENcER, in reply to the correspondence, observed that Mr. Mr. Spencer, 

Colyer’s reference to brewers’ coppers, to which the Juckes 
furnace had been applied, was quite outside the scope of the Paper, 
which was limited to steam engineering, and Mr. Spencer did not 
consider it necessary to discuss the success of such application 
of the system. In support of his statements about the Juckes 
furnace, so much objected to by Mr. Colyer, he would give the 
following reasons :— 
_ 1. One firm alone fitted upwards of one thousand Juckes 
furnacas, of which only about once hundred continued in use after 
three years, and at the present time it was doubtful if one 
remained. ; 

2. Hight or ten firms made Juckes furnaces for steam-boilers, 
and yet discontinued the manufacture. It was hardly to be 
supposed that they all made the grates faulty. 

3. The Author, in visiting the Midland districts in 1882 and 
1889 for the purpose of seeing various machine-stokers in 
operation, did not meet with or hear of a single Lancashire or 
Cornish boiler working with a Juckes grate. 

4, Mr. Colyer did not give the name of any steam-user now 
working a Juckes grate in a Lancashire or Cornish boiler. 

5, The estimated number of Jyickes and similar grates now 
working, as stated in the Paper, which was believed to be in 
excess of the truth, proved that the experience of fifty years had 
not been in favour of their general adoption. 

6. In 1886 some competitive trials between a Juckes and a 
Bennis furnace were made at the Bolton Iron and Steel Works 
with results unfavourable to the former, in which the fire-grates 
were under the boilers. 

The chain-grate was a step in the right direction, but it 
was practically out of the market now. Mr. Colyer’s objection 
to the omission of particulars of other machine-stokers was 
hardly reasonable. The title of the Paper was “ Machine- 
Stoking” and not ‘ Machine-Stokers,” and in order to illustrate 
the two types it was but just to select those most generally 
adopted. ’ 

In answer to Dr. R. Proell, no doubt the question of wear and 
tear was most important in machine-stoking, and the arrangement 
that was least complicated had the greatest chance of permanent 
success, The Author was much impressed with the simplicity 
and efficiency of a coking-stoker at Oldham, shown to him by 
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Mr. Spencer, Mr. Herbert Fletcher, of Bolton, an ardent advocate of smokeless 
furnaces. Dr. Proell’s belief in an educated human smokeless 
and economical stoker was a most delusive one. With regard 
to Mr. Edward Reynolds’ suggestion, the automatic device for 
obviating difficulties due to the list or roll of a steamer had 
been fully proved to be unnecessary with machine stoking at 
sea. 
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3 February, 1891. 


Sir JOHN COODE, K.C.M.G., President, 
in the Chair. 


It was announced that the following Associate Members had 
been transferred to the class of 


Members. 
WILLIAM BARRINGTON, Jun. JOHN ARTHUR Dayreti Lioyn. 
4 s 
Srpney Howard FARRAR. Percy Rick arp. 
SINGLETON GoopwWIN. Epwarp BLAKEWAY SMITH 
JoHN WYKEHAM Jacomn Hoop. Rosert Henry Freverick StTvarr. 


CHARLES LOXTON JACKSON. 


and that the following Candidates had heen admitted as 


Students. 
CHARLES SPENCE ANGUS. | Witiram Harvey Epps. 
Joun Caper, Wh. Se. | George ApAM Harr. 
Haroup Corprroy, B.Sc. ‘y GODFREY WiILson Moone. 
Ernest Gray Courts. Henry Hawkins Mypurau. 


The candidates balloted for and duly elected were as 


Members. 


SAMUEL Rea. 

James Drx ScHUYLER. 
WILLIAM BELLHOUSE SCOTT. 
MARSHAL CRESSWELL. WILLIAM PowkL. SHINN, 
Rosert CricuTon. MatTrHew STIRLING. 

GEORGE Rosert Moye FIELD. , Freperick WILLIAM WALKER. 
WiniiaM SuTrcuirre Mansi. | 


Freprick ATrock, Assoc. Inst. C.K. 
ALFRED PancoasT Bouuer, M.A. 
ALEXANDER BREBNER. 


| 
| 
| 
| 


Associate Members. 
James ARMER. RosBerT Barnes. 
CLaupE Wittram ATKINSON, A.K.C.,  CmuarLes Wintiam JoHN BEARBLOOK, 
Stud. Inst. C.E. Eng. R.N., Stud. Inst. C.E. 


Henry Curnsert Barnarp, Stud. Grorcz Artuus Becks, Stud. Inst. 
Inst. C.E. C.E. 
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Associate Members—continued. 


Wuram Cameron Borrowman, Wh. Lucien AtrHonse Learos, Stud. Inst. 


Sc, CE. 
Arraur Crompton Browy. Sypnzy Le Gros, Stud. Inst. C.E. 
Bengamin Joun Exper Barve. Joun Guorce Liversrpcz, Eng. B.N. 
George CUNNINGHAM BucHANAN, Stud. Samven Ernest Lucas. 
Inst. C.E. Witi1am Tueopore Lucy, Stud. Inst. 
GILBERT CLARK. C.E. 
Davin Cor. GrorcE Enwin James McMourtrie. 
Prroy Barpy Gustav Orro Crowe. Ernest ALFRED WILLIAM PHILLIPS. 
Avaustine CAMPBELL Davison, Stud. Jonn Pinceon, 
Inst. C.E. Francis Josera Preorr, Stud. Inst. CE. 
Sypnry THornton Dosson. Wituram Epwarb Price. 
Epmuunp Rosert Dymoyp, Stud. Inst. | James Francis Reape. ° 
CE. ' Joun Epwin Rocensoy, B.A., Stud. 
Freperick  Quanes Farnonme, — Inst. C.E. 
A.K.C,, Stud. Inst. CE. | Joun Tuomas Hduwspy Saupre, Stud. 
Cuasemore Pair Gares, Stud. Inst. Inst. CLE. 
C.E. | Everyn Francis Sanpers, BE. 
Cuarnes Ervest Vere Goument, ' Ricwarp WILLrAM Sirk. 
Parip HamMonn. | Wiutiam SsiTH. 
Herpert Wivttam Haren. | CuarLes Arrnur Srrvurr. 
Ropert Joun Harnison. ~ Cuartes Ropert Trewnenia, Stud. 
Winuiam Hanston, ' Inst, CE. 
Frank Howartn, Stud. Inst. C.E. | Water Francis ArnsLic Wapnan, 
Hernerr WituiaM HuGHes. | MLA,, Stud. Inst. CE. 


CHARLES Frewen Jenkin, B.A. Stud. © Cravp Ropert Watson, 
| 
Tost. C.E. | Water WILson, Stud. Inst. CLE. 
‘ 
As an Associate. 


Ernest Moncretrr Pavt, Lieut. R.E. 
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(Paper No. 2497.) 


“Electric Mining-Machinery, with Special Reference to the 
Application of Electricity to Coal-Cutting, Pumping, 
and Rock-Drilling.” 


By Lirwetyn B. Arxkryson, A.K.C., and Ciaupe W. ATKINSON, 
A.K.C., Assoc. MM. Inst. CLE. 


» 

TuE employment of electricity in mines for pumping, hauling and 
coal-cutting, is a subject which has already received some atten- 
tion in Papers read at the meetings of the more strictly mining 
Institutions. The Authors have been, during the last four years, 
constantly connected with the applications of electricity to mining, 
and have spent a considerable amount of time underground, both 
in making experiments, and in teaching those who would have to 
take charge of the Electrical Machinery. They propose in the 
present Vaper to show in what way the conditions of mining 
work differ from those of other industries, and how the problem 
has been dealt with, illustrating the subject by describing some 
of the machinery now in actual uge. 

The principal uses to which electrical power is likely to be 
put in coal- and metalliferous mines, and in quarries, are the 
driving of pumps, of hauling and underground winding-machines, 
of coal-cutting machines, of drilling-machines, both rotary and 
percussive, and in certain cases of fans for subsidiary ventilating 
purposes. It will be unnecessary here to dwell atany great length 
on the question of the relative merits of different methods of trans- 
mitting power in mines, practical experience having shown that 
compressed-air is almost the only rival to electricity, although 
in particular instances other systems are still in use for certain 
purposes. Compressed-air has one advantage, on which much 
stress has been laid, namely, that the exhaust product is in itself 
a valuable assistance to ventilation; but from circumstances that 
will presently be described, it world appear that the method of 
ventilating a mine by first compressing air, transmitting it 
under pressure, and then expanding it, is the most costly that 
can be devised. If power must be spent in ventilation, the 
best way to do it is to deliver a given volume of air, with the 
proper difference of pressure between the intake and the up- 
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cast. In using compressed air, in order to keep the machinery as 
small as possible, and at the same time to limit the expense of 
the piping, it is necessary to work at as high a pressure as is 
feasible. On the other hand, increase of pressure, which in a 
steam engine conduces to greater economy and efficiency, is, in 
the case of compressed air, the one item which reduces the 
efficiency. 

The following Table! gives the result of experiments made 
some years avo by Messrs. J. Fowler and Co., of Leeds, who have 
had considerable experience with air-compressors. 


: r e 
Gross EFFICIENCY OF COMPRESSED AIR IN THE TRANSMISSION OF POWER. 


Brake HP. of Motor. 








Air-pressure. Efficiency = LAP, of @ompressing Engine, 
Lbs, Ver Cent. 
40°0 20°38 
34:0 Ze 
28°23) 28°d 
24°0 S4°9 
19°0 49°38 


The above results are borne out by the experiments made more 
recently by Professor A. 3. W. Kennedy, F.R.S., M. Inst. C.E., on 
the transmission of power by compressed air in Paris on the system 
introduced by Mr. Popp.? 'Thesg experiments show that the brake 
HP. of the motor (10 IP.) is 31 per cent. of that of the engine 
driving the air-compressor if the air is not heated before it is used 
inthe motor. If the air is heated and expanded before passing 
into the motor this efficiency is increased to 45 per cent. In 
mining work it is generally difficult to do this, and consequently 
enginecrs are content if they can obtain the lower result. 

The great advantage of heating and expanding the air before 
passing it into the cylinder was so far realized by Mr. Frederick 
Hurd, in 1872, that he devised an arrangement for placing a 
heating apparatus inside the valve-chest, in which the oxygen 
for the combustion of the fuel (a mixture of coke and scrap- 
iron) was supplied by the air working the motor. By this means 
the possibility of exploding fire-damp is completely overcome, and 
the formation of ice is avoided, 


7 “On Compressed-Air Machinery for Underground Haulage.’ By Mr. 
William Daniel. Proceedings of the Institution of Mechanical Engineers, 
1874, p. 210. 

2 See Report of the British Association, 1890. 
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In practice 40 Ibs. or 50 Ibs. is about the pressure now adopted 
for working compressed-air machinery, although in the case of 
rock-drills, where lightness, portability of the machines, and 
smallness of the connecting hose, are of greater importance 
than efficiency, 70 to 90 Ibs. per square inch is frequently 
used. The final result, however, of experiments at these pres- 
sures, agrees with that already given, namely, that it is im- 
possible with compressed-air to transmit to the distant motor 
more than from 20 to 30 per cent. of the power expended in the 
engines, and probably, taking due account of the friction and loss 
in the piping, which, however, is not often excessive, the average 
efficieacy of compressed-air as applied to mining work would 
be below 20 per cent. In the case of electrical transmission of 
energy, except when distributed into very small units, there is 
little difficulty in obtaining 50 per cent. of the power expended 
in the engine, and there are cases in which no less than 75 per 
cent. is transmitted without any extraordinary precautions being 
adopted. 

These figures are frequently contradicted by the advocates of 
compressed-air, but after the precise particulars which have 
been published of experiments with electricity, and in view of 
the scanty information obtainable as to actual trials of com- 
pressed-air, the onus lies with its advocates to show that the 
results which can be obtained in regular working by this method 
exceed those already given. In ‘addition to this lower efficiency, 
which means not only a greater expenditure of coal but also a 
large increase in the dimensions of the engine, and consequently 
in the price of the generating-plant, there is the cost of laying 
and maintaining the connecting-pipes. To make the matter 
clearer, a simple case has been chosen, and Table II, Appendix, 
prepared, showing the comparative economy of these two methods 
of transmitting power. 

It must be borne in mind that the size of the cable plays a large 
part in determining the efficiency of the electric transmission of 
power. In the case of steam, compressed-air or hydraulic trans- 
mission, the losses in the pipes are frequently neglected, as they 
are usually small. This cannot be done with electrical plant, 
first, because the cost of the copper conductors forms a considerable 
item in the whole, and it is therefore desirable to have them as 
small as possible under the particular circumstances of each case, 
and secondly, because, unless the cables are proportioned to the 
power to be transmitted, they may become heated and damaged 
by the current passing through them. 
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In dealing with dip-draining pumps the Authors have given a 
Table showing the loss of power in the cable in two particular cases, 
with small machines, but they think that a similar Table dealing 
with large machinery and varying sizes of cable may be of interest. 
They have, therefore, in Table I, Appendix, given the losses in 
each part of an electrical pumping system, first, with a pump 
delivering 350 gallons per minute against a vertical lift of 900 feet 
and a pipe line 1,800 yards long of 6-inch pipes, and secondly, 
with a similar pump delivering 200 gallons per minute to a height 
of 480 feet through the same pipe line. It will be seen that an 
efficiency of 67 per cent. can be readily obtained even when trans- 
mitting nearly 100 HP. to a distance of more than 2 mils, and 
without any attempt being made to get specially good results, the 
whole plant being such as can be worked by ungkilled men. 

The results given, are, it is true, now recognized to a large 
extent as being, in the abstract, correct statements of the facts ; 
but in the minds of the owners and managers of collieries and 
mines, there still exists a doubt as to when they are justified 
in adopting the use of electricity. One of the most important 
points which has been raised in this connection, and which was 
bronght very strongly to the front in the discussion on a Paper 
by Mr. Blake Walker,! read at a mecting of the Midland 
Institute of Mining Engineers, is the question “of the safety, 
or otherwise, of an electric mojor in a coal-mine, in view of the 
fact of the explosive nature of the gases existing in some parts of 
most mines.” 

Lhe problem resolves itself into two parts—First : Will a motor, 
working under ordinary and satisfactory conditions, be likely to 
cause an explosion, assuming that it is placed in the positions 
where motive power is usually required in mines? Secondly: 
Is it possible under what may be termed extraordinary, but 
perfectly realizable conditions, to produce an explosion under 
sunilar circumstances ? 

A variety of opinions on the subject have been given, and some 
experiments have been tried bearing upon it, and the Authors 
consider that the following may be taken to be a correct summary 
of the results obtained. 

In the case of an ordinary motor working up to, say, 500 
volts, having the brushes properly adjusted upon the commutator, 


1 Transactions of the Midland Institute of Mining Engineers, vol. xi. p. 317. 
“Electricity as a Motive Power,” with special reference to its application to 
mine-locomotives, December 1889. 
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no sparking can be perceived, but if from wear of the contacts 
during long runs, or variation in the load, slight sparking should 
occur, it is produced in contact with large masses of a highly con- 
ducting metal (copper), with the result, that the rise of tempera- 
ture is not sufficient to fire explosive mixtures of coal-gas and 
air, or ordinary marsh-gas and air. The temperatures required to 
explode these gases at ordinary pressures may be taken to be, for 
a mixture of 1 volume of coal-gas, with 5 volumes of air, or for a 
mixture of 1 volume of marsh-gas with 9°4 volumes of air, from 
900° to 1,100° Centigrade. 

Copper combines with oxygen in air so as to produce oxide of 
coppergit about 700° Centigrade, and as under normal conditions the 
formation of this oxide is not observed, either on the collector or on 
the point of the brush, this fact may be taken as further evidence 
that the temperature there existing is not sufficient. to fire an inflam- 
mable mixture of gases. It may be said then, that under normal 
conditions, an electric motor is not a dangerous machine to use even 
jn an atmosphere charged with considerable quantitics of explosive 
vases; but having shown this, it may be admitted that supposing 
« brush, for example, is worn so far that it ceases to be im contact 
with the commutator, or supposing it to become seriously dis- 
placed from its proper position, an amount of sparking may ensue, 
which will cause a temperature sufficiently high to oxidize the 
copper of the brushes, and farther, to ignite inflammable nuixtures. 
The question then arises, how is it possible to obviate the danger 
which may arise from this cause ? 

The Authors, having devoted considerable attention to this 
matter, have adopted the methods illustrated in Figs. 1, 2, 3,8, &c., 
as a means of excluding from the armature the aON HES in 
which the machine is working. It should be taken as an axiom 
that the machine will not normally be placed to work in an 
explosive mixture; but that what has to be guarded against is, in 
the case of a motor which perhaps is not attended to for some 
hours at a stretch, the accumulation of such gases in its neigh- 
bourhood during this time. . Moreover, where a motor is in use 
at the coal-face or in a heading, means should be adopted to allow 
the machine to be stopped if, in the working of the coal, or from 
the fall of a roof or other reason, an inrush of fire-damp should 
take place, before this explosive gas has bad time to come in 
contact with the commutator and brushes. 

To effect this purpose, the Authors have adopted the practice 
of enclosing, either the whole armature together with the commu- 
tator and brushes, or when this is inconvenient, the commutator 
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and brushes only, in a casing which is air-tight, or practically 
go. It has been objected to this plan, that although it may be 
feasible in the case of small motors, it is impracticable with 
machines of any size, owing to the diminished ventilation of the 
armature and commutator. The Authors have, however, adopted 
the method with success for a motor which has developed up 
to between 40 and 45 HP., and with no greater difficulty than 
in the case of one as small as J HP. In the winding of field- 
magnets, it is now recognized that any desired temperature of 
working may be obtained by allowing well-defined amounts of 
external cooling-surface for the dissipation of the heat developed. 
This proportion, for a final temperature of 70° F. above the 
atmosphere, nay be taken as 2°3 square inches per watt to be 
dissipated. 

Tbe armatures of ordinary dynainos and motors are constructed 
to revolve in contact with the air, and the continual cooling 
thus obtained allows the surface for cach watt to be dissi- 
pated for the same rise of temperature, to be diminished to 
about 0°7 square inch. In the case of the Authors’ mining 
motors, it is only necessary to revert to the basis adopted for the 
ficld-magnets, that is to say, to allow a cooling-surface on the 
exterior of the armature-casing of the proportions which would 
be adopted for a stationary magnet-coil, in order to obtain the 
same result as to temperature.. The armature revolving inside 
quickly brings the contained air to the same temperature, and 
this, being in rapid movement, conveys the heat to the external 
casing, from the surface of which it is dissipated by radiation 
and convection. It is true that to obtain a proper proportion 
between the cooling-surface and the heat generated, it has been 
necessary to be careful as to the magnetic and electrical design of 
the armature, but with these precautions, the Authors have found 
that the temperature of the armature of these enclosed motors at 
the end of a long run does not exceed that of the field-magnets. 

Having thus disposed of the objection which has been raised 
by electrical engineers to this method, it remains to consider 
the question from the point of view of the mining engineer. 
The argument of the mining engineer is that if these casings 
should become filled with an explosive mixture and ignited, 
the result would be as disastrous as if they did not exist. The 
answer to this objection is as follows:—Seeing that under 
certain sections of the Coal Mines Regulation Act it is not 
allowable to work where the proportion of explosive gas exceeds 
about 1 in 30, it is not likely that any electric motor will be 
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placed in such a position as to be run continuously in an 
explosive atmosphere for a longer period, at the outside, than 
two or three hours. The casings with which they are provided 
are tightly fitted at all the joints, many of them being packed 
with rubber, and it is not hkely that an inflammable mixture 
could penetrate to a dangerous degree within that time. Should 
there, however, be any leakage into the covers, as soon as the 
proportion of marsh-gas in the air reaches 3 or 4 per cent., com- 
bustion will take place quietly, producing carbonic-acid gas, which 
will tend to prevent explosion. 

If, however, it is required to work for long periods in such an 
atmosphere, the Authors would provide means for the introduc- 
tion into the armature of an inexplosive mixture. ‘The simplest 
method of producing this result would be to attach to the 
motor a steel cylinder containing carbon dioxide under pressure, 
and to connect this with the armature-casing by a pipe which 
should allow a slow but constant stream of this gas to reach 
the interior of the casing. The efficacy of this method may 
be judged when it is pointed out that the presence of 14 per 
cent. of carbonic acid gas in the most explosive mixtures of 
fire-damp renders them absolutely uninflammable. 'The Authors 
consider that this method of protecting the armature and com- 
mutator, and preventing the ingress of an explosive mixture, 
is generally more satisfactory than that of enclosing the commu- 
tator and brushes only as mentioned before. Conditions may, how- 
ever, arise which render this latter method desirable. In that case 
the point to be aimed at is to produce a cover which shall give a 
similar protection to that afforded hy a safety-lamp, and allow the 
ingress of the explosive atmosphere, but prevent the egress of 
flame. In order to do this it is necessary that the volume of the 
enclosed gases should be small, and that the passages through 
which the flame can escape should be of sufficient length, and 
the metal surfaces close enough together to cool it below the 
point of combustion. If the commutator were enclosed by a 
cylindrical case or otherwise, so that the volume of gas was 
small to begin with, yet as it wore away the space would increase 
to an undesirable extent. The Authors have therefore designed 
methods by which it can be contracted and the volume of gas 
kept constant. But the brushes are not the only part which 
should be protected, for if a wire on the armature should break, 
or the insulation give way, or if anything should get between 
the armature and the pole-pieces, sparking might occnr, and such 
a contingency should be provided for. 
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There now remains the question of the switches connected with 
the motor, which will, of course, develope a spark on opening the 
circuit, when the current is flowing. This, in the opinion of the 
Authors, is a more serious difficulty than the former one, and they 
have endeavoured to meet it in two ways, namely, by diminish- 
ing, as far as possible, the tendency to sparking, and by arranging 
a switch which, even in the event of a spark, would be safe under 
any conditions hkely to occur. The first idea that occurs is that 
by using a shunt-wound dynamo as a generator and a shunt-wound 
motor, the self-induction in the circuit is so far diminished that 
little sparking is likely to occur. But for many purposes, the 
conveniences arising from using a series-wound motor, gs will 
presently be pointed out, are such that this method is in general 
to be abandoned, although the principle underlying it may be 
adopted. The reason of the diminished sparkiny with the shunt- 
wound dynaimos and motors is, that the self-induction of the 

able circuit is insignificant, and that of the armatures is also 
smnall, whilst the circuits of the magnetizing coils in both dynamo 
and motor, which have large coefficients of self-induction, are 
wlways closed through the armature. Thus, although on breaking 
the circuit the enrrent in the magnet-coils tends to continue, 
it has a path of discharge through the armature of low resist- 
anco aud of small self-induction. The Authors have therefore 
adopted the following plan: In the case of a series-wound dynamo 
they have provided a resistance%oil of small self-induction, which 
is always connected to the ends of the magnetizing coil, so as to 
form a path through which a current in the latter may continue, 
even when the main circuit is broken. In the saine way, they have 
arranged the switch in such a manner that béfore breaking the 
circuit the coil of the magnets is short-circuited. By this means, 
the act of breaking the circuit reproduces the conditions which exist 
in the case of a shunt-wound generator and shunt-wound motor, and 
the only sparking which results is that due to the self-induction of 
the line and armatures. In order further to diminish this, the 
switch itself has, on its lower side, a resistance coil connected 
to the several points with which it makes contact, the wire being 
large enough to carry the current for the short time during which 
the switch is passing over them. By this means, even when the 
generator is short-circuited, the current is so far diminished that 
if the switch be moved slowly over the contacts, 1t is less than 
what has been termed the critical magnetizing current of the 
dynamo. The result is that by the time the circuit 1s open the 
series-wound dynamo has practically ceased to excite itself, the 


Proceedings.) Li. AND 0. ATKINSON ON ELECTRIC MINING-MACHINERY. 97 


electromotive force and current are very small, and the sparking 
practically nil. 

As an additional safeguard, the switch itself is constructed 
in the form of an air-tight box, which, in the same manner as the 
commutator covering, will exclude an explosive mixture for many 
hours. Although the Authors have never tried the experiment, 
they have reason to believe that the amount of gas which could 
be possibly contained in the switch is not sufficient, should it 
ignite, to blow the cover off; while the surface of contact betweon 
the cover of the base and the cylindrical hole, through which 
the handle passes, are sufficiently long to cool the escaping gas 
below the temperature of ignition. This switch is illustrated 
in Fig. 19. ‘These precautions, which have been carried out 
successfully ; in practice, are, in their opinion, amply sufficient to 
ineet all objections on the point of safety in connection with the 
application of electric motors to mining work. 

Having so far dealt with the general question of the applicability 
of electrical power for mining machinery, and having indicated 
the methods adopted by the Authors in their designs, it is pro- 
posed now to illustrate the application of these principles by 
some actual examples. Full descriptions have been already given 
of the application of electric power to mining work nnder condi- 
tions analogous to those existing in ordinary power transmission 
installations above ground; for instance, Mr. A. Snell, Assoc. 
M. Inst. C.E., has elaborately described a large pumping plant 
working at Normanton,! and, in a paper previously mentioned, by 
Mr. G. Blake Walker,? the application to locomotive work of 
accumulators has been fully discussed. ‘he Authors, therefore, 
propose to confine their attention to two or three illustrations of 
the use of electrical power, both in fixed plant and in machinery 
which is constantly moving from place to place whilst at work. 
For this purpose they have selected some dip-draining pumps, 
which are portable but are fixed whilst working ; and they propose 
also to describe electrical coal-cutting machinery, electric coal- 
borers and electric rock-drills, as examples of constantly moving 
plant. 

The earliest example of the application of electricity in mining 
work was its adoption by Mr. W. B. Brain, for draining a certain 
part of the Trafalgar colliery in the Forest of Dean.? An ordi- 


’ National Association of Colliery Managers, September 28, 1889. 
* Transactions of the Midland Institute of Mining Engineers, vol. xi. p. 317. 
* Proceedings of the South Wales Institute of Enginecrs, vol. 18, p. 277. 
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nary horizontal pump was driven by a belt from the motor, which 
was fixed upon a permanent bedplate. The arrangement has 
worked well, and given satisfaction; but, in the opinion of the 

_ Authors, the use of belts in coal-mining work, unless under very 
exceptional conditions, is entirely out of the question, owing to 
want of space and the difficulty of keeping them in good working 
condition in dirty and wet situations. 

In Figs. 1, 11, and 12, Plates 4 and 5, are illustrated two 

dip-draining pumps, a horizontal and a vertical form, designed 
by the Authors, and constructed by Messrs. W. T. Goolden 
and Co. In each case three-throw ram-pumps are used, the reason 
being that it is important in using electric motors that tpe load 
should be as regular as possible throughout the revolution. The 
pumps are mounted upon a bed-plate, which is extended to carry 
the motor. The motion is communicated fromthe motor-shaft to 
the pump-shaft by gearing. This method of reducing the speed 
is perhaps more noisy than the use of belts, but in practical 
working this is not of much importance; and, provided that the 
armature is properly constructed for the purpose, ample strength 
being given, and proper materials being used to avoid the result 
of the jar or shock, gearing may be confidently recommended. It 
requires no adjustment, and is so compact that the whole machine 
is self-contained, whilst, when the pinion on the motor, which is 
subjected to the greatest wear, 1s worn out, it can be replaced in a 
few minutes at a trifling cost. 

Table Il], Appendix, gives the data of one pump of each of 
these patterns, and shows the relative efficiency of the various 
parts, together with the size of rams. The gross efficiency is not 
very high, owing largely to the power used eine small. But it 
was specially intended to produce a durable machine, suited for 
the rough conditions under which it was likely to be worked, and 
adapted also to be handled by persons who have not the neces- 
sary knowledge to keep any delicate mechanism in adjustment. 
These considerations necessitated the adoption of a large clear- 
ance for the armature, ample space for insulation, &c., all of 
which tended to diminish the efficiency. The motors, it will be 
observed, are of the Authors’ enclosed type, the field-magnet coils 
being lagged with steel to prevent mechanical damage. These 
machines have, in some cases, run for many weeks, day and night 
together, with no attention beyond an occasional feeding up of 
the brushes and lubrication. This form of pump is well adapted 
for mines where the electric light is already installed, and in 
this connection attention may be drawn to a point which is 
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worthy of note. In the use of electricity for motive power and 
for lighting, it has often been objected that the variations in the 
load upon the motor cause a considerable alteration in the lights 
upon the same main at some distance from the dynamo. The 
remedy for this is simple. By employing a well-governed engine, 
and compound-wound dynamo, the electrical pressure at the ter- 
minals of the generator may be kept constant; if then, a separate 
pair of mains is run for the motors, the pressure on the wires feed- 
ing the lamps is constant, whilst any variation at the terminals 
of the motor is not a matter of importance. These electrical pumps 
appear to meet every requirement of practical mining work, and 
have replaced steam and hydraulic pumps with considerable 
advantage. 

Turning to the application of electricity to movable machinery, 
the Authors have for the last four years been constantly engaged 
in the design of electrical coal-cutting plant, and the results of 
the work done in this direction will now for the first time he 
published. 

Although this use of electric power has only recently become 
an accomplished fact, it is interesting to note that the idea 
presented itself to Mr. Henry Wilde, F.R.S., of Manchester, one 
of the earliest pioneers in the development of the dynamo 
machine, as long ago as 1873, when he described the application 
of electric power to coal-cutting machines of various forms, in 
a provisional patent taken out by him in that year. 

It was in 1887, so far as the Authors know, that the first 
machine was built for the purpose of cutting coal by electricity. 
It had a cutter of the bar type revolving on its own axis, a form 
which it appears was first introduced by Mr. Grafton Jones, and 
was driven by a motor designed for the purpose, and made by 
Messrs. W. T. Goolden and Co. (Fig. 6). The original experiments 
were conducted at the collieries of Messrs. T. and R. W. Bowers, 
and the conception of thus employing clectricity is due to Mr. F. 
Mori, Electrician, of Leeds, and Mr. J. Blackburn, manager to 
Messrs. Bowers. Considerable difficulties were, as was natural, 
found in adapting power to conditions so novel, and so outside all 
ordinary experience; and, in order to obtain full information as 
to the obstacles to be overcome, ythe Authors devoted a good 
deal of time to practically working at the coal-face the various 
machines that have been constructed. These difficulties have 
been twofold: namely, electrical and mechanical. Fig. 6, Plate 4, 
shows one view of the original machine designed by Mr. J. Black- 
burn, containing the motor arranged to fit it. This was a three-coil 
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vertical motor, adapted to work in a horizontal position, one of 
the side coils being removed. It was of 6 HP., and was driven 
by a dynamo having a normal output of 10 HP., the motive power 
being the engine of a hauling-machine, situated at the bottom of 
the shaft. The distance between the dynamo and the motor was 
about a mile. 

The original dynamo and original motor were both compound- 
wound, the series-coils on the motor consisting of sufficient turns 
of thick wire to nearly saturate the magnets with the large 
current developed on first closing the switch; but when running 
at a normal load this series-coil had little influence on the mag- 
netization, which was then affected by the shunt-windings; so 
that the regulation as to speed was almost as good as if the 
winding had been simply shunt. This arrangement is convenient 
as giving a good starting power, and at the same time ensuring 
satisfactory speed regulation; but in the case of coal-cutting 
machines the Authors have a decided preference for a series-wound 
dynamo and series-wound motor, for reasons previously described, 
namely, that when the motor is being stopped, by the insertion 
of a proper resistance, the electromotive force may be reduced 
nearly to zero before breaking the circuit; and further, if it is 
desired to handle the cables or to disconnect them, or to handle 
any part of the circuit of the machine after it is stopped, there 
is no lability to a shock should the insulation at any other 
point be defective. This is of great importance in a motor 
intended to be used by inexperienced miners, who are easily 
frightened, even by a moderate shock, so that they neglect to 
adjust the brushes, &c., even if they are not so far afraid that 
they will not work the machine at all. This first plant, which 
is still working satisfactorily, was, it will be noted, practically 
unprotected from dirt, dust, or explosive gases, and it was in 
connection with this that the Authors first devised their system 
of enclosed motors. 

The next machine built by Messrs. Goolden is shown in Fig. 15, 
Plate 5, and in that case, as it was desired to cut into the coal at 
a height which was suitable for using direct driving without the 
intervention of gearing, the armature-shaft itself was made to 
carry the cutter-bar. The opinion, however, which the Authors 
now hold is, that although this method of working is quite 
feasible, it is on the ground of expediency not desirable. It is 
difficult to construct armatures with shafts large enough to carry 
the strain put upon them by. a cutter-bar of the description used 
without cramping the space for wire and insulation. 
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Figs. 10, 13, 14, and 16, Plate 5, show still later developments 
of this class of machinery, in which the cutter-bars are mounted 
on a separate shaft, and driven by steel double helical gear-wheels. 
The point to be noted is the combination of the electrical structure 
with the more strictly mechanical framework, thus providing the 
greatest amount of strength and electrical power with minimum 
weight and size. The dimensions of the heading along the coal- 
face are generally so sinall that it is only by great compactness 
that the use of these coal-cutting machines is rendered possible. 

Fig. 9, Plate 4, shows in plan the general method of working. 
The machine, mounted on its wheels standing on the rails laid 
along,the face, is adjusted by means of the turn-table and worm- 
gear, so that the cutter-bar points along the heading; the current 
is switched on, and the bar, revolving rapidly on its axis, is 
turned through @n angle of 90° so as to enter the coal. The 
worm-gear and table being then locked, the machine is drawn 
along, by means of a winch and wire-rope, cutting its way as it 
goes. Automatic methods of winding have been devised, but that 
of pulling in by hand is probably the simplest in the end, and 
has the advantage of enabling the man at the winch to tell 
whether the machine is cutting in hard or soft material, and 
accommodate the rate of movement accordingly. Automatic 
winding-gear is usually arranged to work at a fixed speed, which 
must necessarily be that at which the machine will cut in the 
hardest material to be dealt with? so that with softer material the 
progress is obviously less than it need be. 

The Authors have suggested an automatic winding-gear intended 
to obviate this objection. It consists of a ratchet-and-pawl 
motion, the pawl being under the control of an electro-magnet. 
Since the load on the motor is accurately measured by the current 
flowing through it, the magnet can be so adjusted, that if the 
load should exceed the desired limit, the pawl would be lifted 
out of gear, and the feeding stopped until the machine had eased 
itself again to its normal load, when the pawl would commence to 
feed it forward. 

All the motors used for these coal-cutting machines aro 
entirely enclosed as to every working part. The field magnets 
are lagged in steel coverings, the switches with their resistance 
frames are placed in iron boxes, and from the outside it would be 
difficult to see that the machine was an electric motor. Further- 
more, precautions have been taken to thoroughly enclose the 
gearing, and all bearings and their parts into which grit can 
obtain access, and the system of lubrication is such that the oil 
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passes from the armature-shaft to the cutter-shaft and thence is 
drained into the gear-box, which has an oil-tight joint, so that the 
gear eventually revolves in oil. 

Fig. 16, Plate 5, shows a particular arrangement of machine, 
which was required to cut at any height from 9 inches to 33 inches 
from the road-level. This was effected by bolting to one of the 
pole-pieces a casting with two segmental slots. The cutter-bar 
was carried in a support moving on these slots, and by these 
means could be raised and lowered to any height, remaining at the 
same time in fixed relation to the armature-shaft from which it 
is geared. 

It is interesting to point out to electrical engineerg how 
the somewhat difficult problem of arranging this machine, so 
as to avoid the magnetic short-circuiting of the poles, has 
been met. The leakage from such extended fiole-pieces is con- 
siderable, but not nearly so excessive as might at first sight be 
thought. 

Several forms of armature have been tried in these machines, 
with both “drum” and “Gramme” windings, and the Authors are 
of opinion that on the whole, the “Gramme” armatures are best 
adapted for the work; the reason being that it is very difficult to 
secure the wire across the ends of a drum-winding in such a 
manner as to ensure their being positively driven, and in the 
absence of such positive driving it seems only to be a question of 
time when the insulation will become abraded by the excessive 
vibration. One form which has been much used in these machines 
is shown in Fig. 10. The armature-core is deeply notched to 
receive the coils, and when these have been wound in place the 
whole is covered with a layer of annealed charcoal-iron wire. By 
this means a notched armature, giving a low magnetic resistance 
in the air-space, is obtained, whilst the production of eddy- 
currents and consequent heating of the polar horns is avoided, and 
the armature is of a form which can be handled and laid on the 
ground, if necessary, without any damage occurring to the wire or 
its surface. 

It soon became evident that the ordinary brushes used on 
dynamos and fixed motors were useless, owing to the excessive 
vibration to which the machines were subjected, whilst various 
forms having butt-contacts, in which the brush was pushed 
forward by springs, gave rise, both with metallic and with carbon 
blocks, to excessive heating, due, as far as can be ascertained, partly 
to the friction on the commutator, and partly to the inferior 
electrical contact thus obtained. 
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Brushes of a type which has been successfully used in 
launch and tramway work, and was originally designed by Mr. 
Holroyd Smith, composed of blocks of metal sarried by light 
steel fingers or springs, were also tried with similar results, aad 
finally the Authors have adopted various forms in which the 
necessary elasticity is given either in the brush itself, or in a 
light steel back, there being however no movable hinge or knuckle 
which would allow it to chatter as a whole on the commutator. 

The chief mechanical problem in connection with these coal- 
cutting machines has been: First :—What is the best form of gear 
to use ? and Secondly :—What is the best form to give to the cutter- 
bars agd cutters? As to the gear, the Authors have tried chains 
of every description and strength, and have had to abandon them 
all; they have also tried phosphor bronze gearing of ordinary 
forms, but have ffnally adopted, as working more smoothly and 
with less noise, and giving a maximum of strength, cast steel 
double helical wheels, shrouded nearly to the pitch line. By 
mounting one of such a pair of wheels in a manner free to slide 
to a small degree upon its shaft, the perfect alignment of the 
wheels is secured and the running leaves little to be desired. 

Although the several machines illustrated in this Paper have 
been made to cut above the floor-level, at heights specially suited 
to each particular case, so as to work in the bands of shale or dirt 
and thus save the coal, yet the form with a bar-cutter is eminently 
suitable for cutting at the level of the floor itself, and the Authors 
have designed machines for this purpose, the rails being laid 
directly on the surface thus formed. T’he form of cutter most 
usually adopted in such cases is that of a large disk or wheel with 
the tools fixed into its periphery. This disk is carried on a bracket 
projecting from the side of the machine, and is caused to revolve 
by a pinion gearing into teeth either cut in its horizontal surface, 
or into teeth formed on its periphery, the teeth of the pinion being 
then made sufficiently long to allow the tools to cut clear at the 
bottom. The tools are spread out so as to cut the material clear of 
the disk. 

Machines on this principle have been used with considerable 
success in several places, but the Authors consider the bar cutter 
is to be preferred for several reasons. 

First, there is a considerable amount of difficulty in making a 
machine with a disk cutter to turn round so as to cut its own way 
under the coal, and in fact in most cases this is done by hand. 

Secondly, when the tools are blunt, they have to be taken 
out and replaced by sharp ones while the disk remains in the coal, 
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a matter of some difficulty in the confined space and with the 
small amount of light available. With a bar-cutter, on the other 
hand, since the bar is only held by four bolts at the coupling, it 
is turned out of the coal and a fresh one with a complete set of 
new cutters substituted, the other being sent to the bank to be 
reground. 

Thirdly, if the coal or roof is at all tender there is a great 
tendency for it to fall as soon as it is undercut; to avoid this, 
wedges are inserted in the groove to keep it up, but the 
distance from the front of the cut to the back of the disk is 
considerable, and as a consequence the coal often falls before it can 
be wedged; this of course jambs the cutter, which then hgs to be 
dug free, involving a loss of time. Now with a bar-cutter the 
wedges can be inserted close behind the bar, only a few inches 
from the front of the cut, and the coal supportéd, so that even if 
it falls it cannot jainb the cutter. 

Fourthly, a bar cutter can be made to bare to a greater depth, 
as much, for instance, as 5 feet. 

Fifthly, in order to make an electric motor of sufficient power 
while the weight is kept small, it is necessary to run it at a 
fairly high speed, and therefore, to keep the gearing compact, the 
cutter must also run at a high speed. This is easily attained 
without any disadvantage with a bar-cutter, but is quite im- 
possible with a disk-cutter, where the speed of the tools would be 
so great as to seriously heat and soften them. In practice the 
Authors run the motors at about 700 revolutions per minute, while 
the cutter makes about 500 revolutions per minute. On the other 
hand, the disk-cutters will draw more of the fine coal out of the 
groove than the bars will, but this advantage is not sufficient, in 
the Authors’ opinion, to compensate for the disadvantages enunier- 
ated above. 

The cutter (Fig. 17, Plate 5) consists of a long bar, either 
taper or parallel, fitted with a coupling to unite it to the shaft 
of the machine, and having arranged on it a series of steel tools. 
The bar, revolving on its axis, acts like a long milling tool, each 
set of cutters sawing its way through the material. The form 
used in the coal-cutting machine known as the “ Economic”’ was a 
parallel bar, having holes in it, into which were fitted steel 
nibs secured in place by set screws. Some years ago Mr. Grafton 
Jones suggested the threading of star-shaped disks on to a square 
or polygonal bar, with a nut at the end to hold them in place. The 
cutter used by Messrs. Bowers in the first machine tried at their 
colliery, Fig. 18, Plate 4, was upon this principle. <A series of 
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star-shaped cutters made of cast steel having an hexagonal hole in 
the centre, were threaded on to a steel shaft, and: secured by a nut 
at the end, the nut having cutters screwed into it, so as to clear 
itself. The result was satisfactory except so far as the wear of 
the points was concerned. In fairly soft or friable coal, it is 
doubtful whether they can be much improved; but in coal 
which contains much dross or is hard, the cutters are soon blunted, 
and the power required to drive the machine becomes excessive. 
After some experiments, in conjunction with Mr. Hans Renold, 
of Manchester, the form shown in Fig. 17, Plate 5, was devised. 

‘I'he object in view was to provide a bar which would admit of 
cutters being used of a much higher grade of stcel than was 
possible with the star-shaped castings previously mentioned: 
which should have more metal for removing heat from the point 
of the tool, thus*preventing its softening and wear: and which 
should take, if possible, less power, and at the same time givo a 
more steady cutting action, and remove the debris which 1t formed. 
To effect this, the bar is drilled with a series of holes, cach of which 
is placed in a direction nearly at 90° to the next adjacent one, 
but differing so far froma right angle that one complete turn is 
made in the length of the bar; by arranging the cutter in this 
manner, a left-handed spiral is produced having a pitch equal to 
the length of the bar, which serves to equalize the cutting action, 
and also a right-handed spiral, which has a pitch equal to about 
i of the length of the bar, and forths as it were a corkscrew to draw 
the dirt out of the cut. These holes are tapered to about 1 in 380, 
and pieces of round steel are turned to fit them, the heads being 
shaped to form the cutter, the exact nature of which depends on 
the material to be cut. 

The proper form to give these tools is a question to which con- 
siderable attention has been devoted. Square-shaped, flat-faced 
tools were tried, of such a width as to overlap one another and 
reinove the whole of the material; it was found, however, that 
the power required was excessive. Both square and pointed tools 
ef various widths were then tried, with the result that the form 
indicated in Fig. 17 has been found to be, on an average, the 
best. This cutter is of a V-shape, and is placed in the bar with 
a gauge, so that the surface farthest in the coal is set in such a 
direction as to clear itself. The edge nearest the machine slopes 
across the cut, so that when the tool has entered to a depth of 
about + to $+ inch, a wedging action commences, and the ridge 
of coal left between two succeeding cutters is split off. By this 
means only about a quarter of the total quantity removed is 
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actually cut away,:the remainder being broken off by a splitting 
action, and the power required for working the machine has been 
reduced to one-quarter of what it was. Various speeds for 
operating the bar have been tried, but for fairly hard coal from 
400 to 500 revolutions per minute is enough, although in soft 
and friable coals a higher speed may be adopted. The diameter 
over the points of the cutters varies from about 5 inches at the 
front of the cut to about 3 inches at the back. The tools when 
blunt are driven out with a hammer, and ground on an ordinary 
stone in a tool-holder, in which they are set in a taper hole, the 
holder being mounted eccentrically, so that in grinding the proper 
backing is given. These cutters are made of an excscdinele high 
quality of steel, which is tempered dead hard, so that it will easily 
scratch glass. 

The average length that can be cut without ‘changing the bar 
may be taken in hard coal to be about 40 yards, though as much 
as 80 yards, in hard gritty coal, has been effected without any 
stoppage. The blunting of the tools, however, when the edge is 
once really gone, proceeds rapidly, and out of proportion of the 
work done, and it is bad economy to force the amount cut to too 
great an extent. One man or boy attends to the winch, one man 
follows the machine, spragging and putting up props, whilst a 
third devotes his attention to the cutter itself, and to clearing the 
road in front of it. 

The amount cut by the machine varies according to the nature 
of the seam, and the experience of the men working it; but it 
may be taken that on the average, all stoppages being included, 
20 to 30 square yards per hour may be cut in ee hard coal. 
As a matter of actual maximum performances, the following 
results may be cited. At Lord St. Oswald’s colliery at Nostell, 
55 yards were bared to an average depth of 3 feet 8 inches in. 
seventy-five minutes, and lengths up to 20 yards, where the road 
is clear for running without stopping, have been often cut to this 
depth at the rate of a yard a minute. And at Messrs. 'T’. and R. W. 
Bowers’ collieries, where a less powerful motor is used, 110 yards 
have frequently been bared to a depth of 3 feet 6 inches in four 
hours. The length of cutter-bar usually adopted is from 3 feet 
6 inches to 3 feet 9 inches, byt it is a matter of interest that in 
a trial at Messrs. Briggs & Co.’s collieries at Normanton, a bar of 
5 feet in length was used, cutting underneath to that depth, an 
amount exceeding considerably the best performance of. any 
previous machine. 

The actual HP. developed by the motor has varied in different 
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cases from 6 HP. to nearly 15 HP., but in the Authors’ opinion, 
it is a mistake to reduce too far the power available, and 10 or 
12 HP. would seem to be a fair average amount for working 
rapidly and effectively, with a reserve enabling obstacles to be 
overcome, without straining the machincry. 

Table IV., Appendix, gives the relative cost of cutting by 
machine and hand-labour in certain cases; but, although trials 
have extended over some time, it is perhaps too carly to speak of 
what will be the ultimate saving effected by tho use of these 
machines. Great difficulties have had to be overcome, apart from 
the electrical and mechanical problems, in the prejudice of the 
men, apd in the resistance which they offer to the introduction 
of labour-saving machinery; and this has reached such a pitch in 
some cases that the miners have actually declined to work the 
machines, or to remove the coal which has been cut by them. These 
obstacles will disappear in time, but at present they form an 
element which has to be considered in estimating the cost of 
coal-cutting by electric power. 


Evectric Borinc- AND Rock-pRILLING MACHINERY. 


An early example of the use of electricity in mining was tho 
employment of the electric motor for working rock-drilling plant. 
This part of the subject has, although apparently simple, proved 
to be one of the most difficult to deal with; the reasons of this 
being—first, that the amount of power required is small, and, 
therefore, the advantage gained by electricity not so noticeable ; 
secondly, that very powerful and complete drills, particnlarly 
percussive drills, are in the market; and, thirdly, that the use of 
machine-drills is generally resorted to in cases where the necessity 
for at once carrying out the work is very pressing, so that the 
contractors are less willing to try any cxperimental plant. 

Drilling-machines may be divided into two classes: (1), rotary, 
and (2), percussive. Tig. 7, Plate 4, illustrates a form of rotary 
drill, complete with its own electric motor, and mounted upon 
trolley-wheels, applicable for use for coal or ironstone boring. 
The motor, the framework of which. is made in one with the bed, 
is a small 3-HP. enclosed mining-motor, of the Authors’ design. 
The revolving drill-bar has a thread cut along its length working 
through a nut which is free to revolve except in so far as it is 
held by an adjustable brake-band. The result of this is that if 
the brake be slack no feed is imparted to the drill; if the brake be 
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tightened, so as to prevent the nut revolving, a feed of +5, of an 
inch per revolution, or any intermediate amount, may be given. 

The power is taken from the motor-shaft by bevelled gear, 
giving a reduction in speed of 1} to 1; it is then transmitted 
by the vertical shaft and through a worm-gear to another pair of 
bevels. The total reduction in speed is from 1,600 revolutions 
per minute to 50 revolutions on the drill-spindle. This drill 
will. bore a hole 2 inches in diameter in hard coal at a speed of 
12 inches per minute. 

It will drill in slate at the rate of about 3 inches per minute, but 
the principal difficulty in dealing with material as hard as slate is 
to procure a sufficiently satisfactory fixing to the roof and gides to 
prevent the whole drill from shifting and getting a cross strain 
upon it. It is therefore principally recommended to be used for 
coal or ironstone, where rapid sinking through moderately hard 
material is required. The drill takes about 10 amperes of current, 
at a pressure of 110 volts. Some experiments made to determine 
the power actually developed, through all the gearing and on the 


; ¢ h ] r ] a } ‘ ft 
drill-shaft, show that the ratio Peat anica DO er OF dri I “sna 
electrical power 


is about 40 per cent. 

For dealing with harder rock, diamond-drills, working in a 
sinilar form of machine, may be used, but the cost of maintaining 
diamond-drills is so heavy that in general little economy is 
effected by their use. DPercussite rock-drills, therefore, are gener- 
ally used for this purpose. ‘The use of percussive rock-drills 
driven by electricity has, so far, heen limited, one of the principal 
difficulties being the construction of a really suitable percussive 
action, driven by a rotary motion. Fig. 8, Plate 4, indicates the 
arrangement devised by the Authors for driving an Ingersoll rock- 
drill, by means of an electric motor. In order to diminish the 
weight of the drill, it is separate from the motor, which is 
mounted on a trolley, the connection between the two being 
made by a length of about 8 feet of flexible shafting. 

The drill itself is well known. It consists of a bar lifted by a 
crank motion, connected to the driving handle by a ratchet and 
pawl, in such a manner that after the drill has been lifted by the 
connecting-rods against the pressure of a spring, as soon as the 
dead point on the top centre is passed, the spring forces the 
drill forwards, over-shooting the driving handle, which gears 
again as soon as the blow is expended. Two blows, or nearly so, 
are therefore given for each turn of the handle, which is designed 
to make sixty revolutions per minute. 
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The driving-wheel is geared into a bevel pinion which is carried 
by an adjustable frame or quadrant and driven direct by the flexible 
shaft. The speed reduction is in the ratio of ten to one. 

The motor, which is of the pattern previously described, and is 
entirely enclosed, is mounted on a trolley, and has a fibre pinion 
driving a gear wheel, which gives motion to the flexible shaft. 
The speeds are as follows :—Motor, 1,500, flexible shaft, 600, drill 
wheel, 60. This plant may be taken to represent the present 
position of electric percussive-drilling, but the Authors have been 
for some time engaged upon effecting the design of a new machine, 
doing away entirely with a separate motor, giving a direct per- 
cussiveeaction and reducing the total weight to a considerable 
extent. The experiments upon this drill are not yet complete, 
and therefore, for the present, it will only be mentioned. 


Dynamo FoR TRANSMITTING POWER. 


Figs. 4 and 5, Plate 4, show in section a class of dynamo well 
adapted for use in transmitting power for electric mining-work, 
with pressure up to 1,000 or 1 500 volts. 

The bed is of cast-iron, and a block in the centre of it forms 
the connecting yoke of the magnets, which are of the “inverted ”’ 
type, and stand upon it. The magnet cores are of rectangular 
section, and are made of wrought-iron. The pole-pieces are of 
cast-iron, or in some cases are forged in one with the magnet-bars. 
The armature, which by preference, is of the “Gramme” type of 
winding, is composed of a number of thin sheets of charcoal-iron, 
insulated from one another by paper, mounted upon a phosphor- 
bronze spider, which is notched into the plates, and firmly keyed 
upon a stout steel shaft. The magnet may be shunt- or compound- 
wound, but in the case of transmitting power from a dynamo to 
a single motor, is preferably series-wound. The commutator is 
composed either of phosphor-bronze or of hard-drawn copper, 
insulated with mica. The brush-holders are of a special type, 
enabling the brushes to be fed through the holder and adjusted 
by a feeding-screw at the back, thus doing away with the neces- 
sity of loosening any bolts or nutr. This is valuable in case of 
long runs extending over nights and days together, such as often 
occur in mining work. 

Special point is made in these machines of the ample ioadenes 
given to the armature in the pole-piece gap; ;°, of an inch a side 
is usually adopted, thus allowing room for wear in the bearings, 
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and for the expansions which inevitably take place, and obviat- 
ing the annoyance and delays caused by the armature rotating 
against the pole-pieces. The shaft and bearings are of large 
dimensions, compared with ordinary dynamos, for similar reasons, 
and the precautions thus taken of providing ample margins, 
not only in the mechanical factors, but also in the electrical 
design, have contributed largely to the success and freedom from 
accident which has marked the working of these machines in 
mining experience. Several of them have been running for 
periods extending over two or three years, in the hands of 
persons quite unacquainted with electrical matters, without any 
breakdown or repairs being necessary, and with very smdil wear 
upon the commutators. 


SuMMARY. 


The instances described will be sufficient to show that:— 
A. Electrical power is destined to become an a factor 
in inining mechanics, on account of— 


1. The greater facility with which it can be used with machines 
which require to be moved from time to time as the work 
advances. 

2. The great economy in first cost, and reduced cost of working 
owing to its efficiency being higher than that of compressed- 
air, or any other medium’ of power-transmission. 

3. The smaller cost of maintaining the cables, as compared with 
piping, on shifting floors in roadways, etc. 


B. That the methods described are sufficient to obviate all 
objections to the use of electric motors in coal-mining, either by 
excluding inflammable gases, or by constructions which allow of 
their safe combustion. 

C. That the experiments, trials and practical work, extending 
over four years, show that— 


1. Electrical pumps may be used with advantage and economy 
for mine-draining. 

2. Electrical coal-cutters can replace hand-labour, with saving 
in cost, and increased production of coal. 

3. Electrical drilling-machines are available in place of machines 
worked by hand or compressed-air. 


While doubtless, on all these points, opinions may to some 
extent differ, and the particular methods adopted may be sub- 
jected to criticism, the Authors hope that the subject they have 
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brought forward will be found of interest to the members of the 
Institution. 

The electrical details of many of the machines described are due 
to Mr. H. W. Ravenshaw, Assoc. M. Inst. C.E., who has used con- 
siderable skill in adapting them to meet the conditions required. 
The Authors also have to express their thanks to Messrs. W. T. 
Goolden & Co., for placing drawings and results of tests at their 
disposal, as also to Mr. R. Hancock for his kind assistance in 
connection with the preparation of the drawings illustrating this 
Paper, from which Plates 4 and 5 have been prepared. 


APPENDIX. 
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TABLE LY. 
ReEwLATive Cost oF Currinc Coa BY MAcHINE AND By TlAnp-Laxounr. 
Thickness of seam . . . . . . 8 feet. 
Cost of cutting, filling, &c., by hand . 28. 6d. 
Saving of coal by machine . . . . 20 per cent. 
Tons bared per shift. . . . . . 160 tons. — 
Labour, steam, cutters, interest and 











depreciation at 15 per cent... Ox. 3d. 
Cost of filling after machine, taking up 

floor, laying rails, &e. . . «ee. 1s. 3d. 
Total cost by machine e ie e+ Is. 6d. 
Saving over hand-labour . . . . 1s. Od. 
Savingincoal. . . . . . . . Os. Gd. 
Total saving by machine . . . . Is. 6d. 
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Discussion. 


Sir Joun Coopr, President, hoped that the question of safety 
with regard to the use of electricity in coal mines as compared 
with other methods of conveying power would occupy a pro- 
minent place in the discussion. It was a most important point, 
and should be fully debated. 

Mr. Lit. Atkinson desired before the discussion commenced to 
call attention to one of the cutter-bars on the table which was 
not described in the Paper. In order to avoid the grindiig of the 
steel points and the expense of renewing the steel cutters, the 
latter were permanent and had chilled-irom points inserted in 
them which were nearly as hard as steel, and when worn out could 
be thrown away, being inexpensive. They had not had much ex- 
perience with that form, but thought that it would lead to a con- 
siderable economy in the item of grinding cutters. Te had been 
told several times lately that although the question of sparking on 
the motors had been treated in the Paper, they had not dealt with 
what would be likely to happen should the roof fall, or should the 
cable be broken from some other cause. ‘The reason was that, 
although they had devised a mode of getting over the difficulty, it 
was so novel, that their experience of it did not justify them in 
placing it before the Institution. The form of the cable, however, 
was such that even should it be absolutely torn asunder by the 
breaking of the roof, there would be practically no sparking, and 
an arc was impossible. That, he thought, removed the remaining 
objections to the use of the electric calles in fiery coal pits. 

Mr. Avion 'T. Syevt said that during the past four years great 
progress had een made in the use of electricity in mining, and 
the General Electric Power and Traction Company, Limited, with 
which he was connected, had from the first been identified with the 
work. In 1889, in a Paper read before the Association of Colliery 
Managers at Wigan, he had described in detail several of the plants 
then at work,! and in 1890 at Sheffield, in a Paper entitled, “The 
Electrical Distribution of Energy over Extended Areas in Mines,” ! 
he reviewed the whole subjéct and discussed the various methods 
of applying electricity. He then advocated the use of over- 
compounded dynamos and series or shunt-wound motors, so as to 
make the system applicable for both lighting and power, and also 
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‘te Snell. to make it comparable to steam or compressed-air in point of 
7 adaptability. Since then his Company had laid down a number 
of installations, both at home and abroad, for hauling, winding, 
pumping, fan-driving and lighting, &c., with Spanavle success, 
and they had now in hand several which involved rock-drilling, coal- 
cutting, and pumping, as well as lighting. Before discussing the 
Paper he wished to draw the attention of the Institution to 
a new system of electric haulage for use on stiff brows in mines, 
by means of a cable or rope, fixed at either end and lying parallel 
to the road. The energy was supplied through wires above or 
beside the track. The system was introduced by Messrs. Immisch 
and Walker, and was the property of the General Elect.ic Power 
and Traction Company. The cable was passed over a sprocket- 
wheel or a friction-clutch geared in a sujtable manner to an 
electric-motor on a small trolley, the whole forming a lght 
and compact electric-locomotive, Fig. 1, not depending for its grip 
on the friction between the wheels and the rails, but getting a 
direct pull on the fixed rope. ‘The principle was similar to that 
employed for working floating bridges and barges. At the Wharn- 
cliffe Silkstone Collieries a brow about 500 yards long had been 
equipped in this manner, and the locomotive had been working 
successfully for about three wonths. The inclination of the road 
averaged 4 inches to the yard, and the rolling load was approxi- 
mately 4 tons. The trolley carried a 10-HP. electric-motor, and 
weighed about 20 cwt.; which was unnecessarily heavy for that 
particular work. It ran in a headway of about 4 feet 3 inches, and 
the current was supplied by an overhead wire. The objection that 
had been raised with regard to sparking did not apply in this case. 
The motor as a whole was protected by a cast-iron covering. The 
rope was made of steel, and was about 1} inch in diameter. The 
friction-clutch was made by Barraclough of Barnsley. Experi- 
ments showed that a cable would give more satisfactory results than 
& rope on account of “slip” and consequent wear and tear. The 
work was previously done by five horses ; but the strain was found 
to be so heavy that it was deemed advisable to change them every 
six months and put them to lighter work. The chief advantage of 
the system lay in the great tractive effort of the trolley in propor- 
tion to its weight—a point of considerable importance in mines 
with small headways and lightly laid roads. It was expected that 
the method would be applicable to many cases of underground 
haulage, but more especially to short and steep lengths on roads 
of otherwise moderate grades, where horses could be used for 
the greater part of the distance. Amongst the many interesting 
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points referred to in connection with the application of electricity Mr. Snell. 
to mining, was the risk of igniting gas. As far back as 1888, when 
speaking on the subject before the Midland Mining Institute,! he 
gave it as his opinion, that under normal circumstances the sparks 
at the brushes of a motor would not readily fire gas, owing to their 
having a low temperature by reason of the large masses of metal 
in contact with them. His opinion was combated by several lead- 
ing mining experts, and he therefore decided to make experiments 
to determine the point at issue. With that view he procured a 
wooden box about six feet long, with an internal cross-section of 
about a square foot. One end was blocked up and the other had 
a hinged door, so as to make an easy outlet for the probable 
explosion. In the centre a small motor and a gas-indicator 
were placed. Ordinary coal-gas was admitted from the closed 
end until the gauge registered an explosive mixture. The motor 
was then started, and the experiment watched through a glass 
window in the side. rom time to time the sparking was in- 
creased by changing the position of the brushes, and the mixture 
of gas and air was varied through all ranges. It was found that 
even with excessive sparking the gas did not explode until the 
commutator and brushes had become heated to a far greater extent 
than ever obtained in ordinary machines. It followed that 
although under normal conditions a motor would be unlikely to 
ignite gas, yet 1f by any means the brushes and commutator became 
heated beyond a certain point, the exact temperature of which 
was not ascertained, the sparks would fire an explosive mixture 
of gas and air. It was unsafe to place an unprotected motor 
in an explosive mixture; and he did not think that under tlie 
ordinary mining regulations such an absurdity would ever happen, 
but it by no means followed that even in fiery mines a properly 
arranged motor should not be installed. He had had a consider- 
able acquaintance with the mines in England, Scotland, and 
Wales during the past four years, and had noted the conditions of 
ventilation in both “long wall” and “ pillar and stall” working; 
and he thought that by proper attention to details electricity might 
be safely employed in almost every colliery. The point to consider 
was the way in which the danger from sparking should be 
provided against. Obviously the best method was to have ample 
ventilation with a large reserve of power, so that in the event 
of “blowers,” the draught could be increased. If the “ faces” 
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Mr. Snell. were well swept with plenty of fresh air, and the goaf properly 
packed and looked after, no danger need be apprehended from 
electricity. But the motor itself could be protected in such a way 
that it would not fire gas. If it were fixed, say at a pumping or 
hauling engine, it could be boxed in and supplied with fresh air 
from the “intake.” This arrangement did away with any sudden 
risk, and there would be ample time to stop the engine driving 
the dynamo, even if the men omitted to switch off the motor before 
withdrawing; and assuming a large “ blower,” working up against 
the main air-way, the gas would not make much headway against 
the relatively high velocity of discharge from the small orifice of 
the motor-casing, which would be farther increased by the heat of 
the machine. In the event of the ventilation being reversed through 
a fall (a very rare case), the heat of the motor would probably 
check the foul air until the current was shut‘off. He, personally, 
was inclined to lay the utmost stress on the necessity of providing 
ample ventilation by well-designed fans rather than trusting to any 
safety device in the motor itself; for in the latter case there would 
be the risk of faulty construction or accidental damage, and the 
personal equation of the attendants must always be an important 
factor. Roughly speaking, there were two main lines on which 
motors might be protected; first, by enclosing the whole of the 
armature, and secondly, by covering the comiutator and brushes 
only. In the former case the volume of air enclosed was so large 
that, assuming an explosion, the cover would most likely be 
damaged and the outside gas fired. In the second case the volume 
of gas enclosed might be made too small to do any harm; but 
certain mechanical difficulties were involved, and as the armature 
was not shielded from external damage, a short circuit on the wind- 
ing might, at any time, cause sparking in the unprotected area. 
He looked upon both the methods as good when the extent of the 
protection was properly understood. Messrs. Davis and Stokes’ 
device of an inverted commutator increased the facility with which 
the fiery area could be limited. But the mechanical difficulties 
involved in the handling of the machine were considerably 
increased, and the armature, as a whole, was not covered in any 
way. The inventors endeavoured to treat the motor as a safety- 
lamp, the key of which wes entrusted to the attendant, and so 
arranged that the motor could not work without the key ring 
being properly fixed in position. The idea was worthy of con- 
sideration, and no doubt would attract the attention of mining 
engineers; but it remained to be proved whether so complicated 
an arrangement was workable in a coal-pit. His Company was 
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building a 25-HP. motor with an inverted commutator and internal Mr. Snell. 
brushes, but there would be some little difficulty in adjusting the 
latter, which he hoped to get over by using carbon brushes. 
Another question of importance with electrical work in mines was 
the installation of the mains. Too much stress could not be laid 
on the necessity for care in selecting the cable, and on the need of 
good honest work in erecting and jointing. In no other class of 
installation did badly designed or careless work so soon tell its own 
tale. He had used all classes of insulation for underground mains 
and had laid cables in both wet and dry mines. Speaking 
generally, it appeared that lead-covered cables, protected by an 
outer sgrving of braided and ozokerited hemp, were the most 
durable for wet pits, and should always be used in the shafts. 
They were also suitable for the main roads and levels, where tho 
mains might be re@arded as permanent; but for rough roads with 
falling roofs, or heaving floors and sides, he preferred an insulation 
of vulcanized rubber well served with braided hemp, as being more 
flexible. In all cases the ultimate success of the installation would 
depend largely on the method of erection, and the care given to 
details. In some roads he had buried the cables, in others carried 
them on insulators, and in many had simply cleated them to the 
props. In the shafts they should always be encased in strong wood 
troughing so as to protect them from falling stones, &c. The risks 
to be expected from the mains were two-fold. There was the very 
remote chance of an explosion, in the event of a cable being broken 
when transmitting energy; and there was also a possible chance 
of a bad “short-circuit” or “earth” causing trouble by firing 
timber. Considerable emphasis had been laid on each of these 
points by eminen mining authorities, who seemed, however, to 
base their opinions on theory rather than on actual experience. 
So far as he knew, the leakage of an electrical conductor had never 
caused any difficulty more serious than a short delay; and although 
he had seen timber charred in a pit top by a short circuit, yet there 
was no chance of a fire, because the electrical instruments showed 
immediately that a leakage had occurred, and the engineer in 
charge was at once on the alert. Indeed, the ease with which the 
supply of energy was governed and noted, formed one of the chief 
recommendations for the use of electrical power in mines. Electrical 
plant really entailed Jess trouble than steam- or air-machinery, and 
the men only required to get accustomed to it to appreciate its many 
advantages. It would not be out of place to say a few words on 
the possible limits of the use of electricity in mining. Evidently 
nothing was to be gained by it if the power could be transmitted 
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Mr. Snell. conveniently and economically by steam or rope; but whenever 
the distance became considerable these methods were more costly, 
as well as more troublesome, than either electricity or compressed 
air was. ‘The Authors and himself were in agreement on that 
point, their experience coinciding with his own. But there were 
particular instances where electricity would always be preferred on 
account of the small space occupied by the cable and motor, as well 
as the little attention required, and the ease with which the plant 
could be shifted. And whenever water-power was available, elec- 
tricity would prove the cheapest form in which energy could he 
transmitted. He had an extended experience in both main- ani 
dip-pumping by electricity, and found in all cases a considerable 
gain in net efficiency over that obtainable by compressed air. At 
St. John’s colliery, Normanton, electricity had been substituted for 
compressed air for main haulage,and main- and dip-pumping, with 
the result that the original boilers and engines had given rather 
more than twice the useful effect previously obtained. In Bohemia 
his Company had successfully transmitted by electricity the energy 
of natural water-power for winding, pumping, fan-driving, and 
lighting. They had several convenient forms of portable motors 
for coupling to Ingersoll percussion and rotary drills in somewhat 
the same way as thoso shown by the Authors. They were now 
building a new coal-cutter which he thought would do good service, 
being portable and at the same time powerful. — 

Professor Professor ArnoLp Lupron remarked that as a mining man he 
Lupton. viewed the Paper with the greatest possible interest, and felt per- 
sonally much indebted to the Authors for having brought so many 
valuable machines into the Institution. He happened to live in 
the neighbourhood where, he believed, the first electrical coal-cutter 
in the country was set to work, and had had the opportunity of 
seelng it in action on several occasions. He had made a study 
of coal-cutting machines. In 1865 he remembered going toa pit in 
Yorkshire about nine o'clock at night to start a coal-cutting machine, 
one of several introduced about that time. Since then a great 
many had been made and much inventive skill had been applied 
to their construction and design. That which he saw in 1865 
was a pick machine. There had been rotary machines, and 
machines working with revelving bars, the same as the Black- 
burn cutter-bar, and the Goolden cutter-bar mentioned by the 
Authors. He had seen most of these, and they all seemed in his 
opinion to do their work well; and if they did not prove a 
commercial success it was not the fault of the inventors or makers, 
but was probably owing to some insuperable difficulty in the task 
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they were set to overcome. ‘Twenty years ago he had been in a Professor 
pit and had seen the machine worked by compressed air holeing !“rt. 
at the rate of a square yard per minute. With the aid of a 
Richards’ indicator he measured the exact HP. required to do 
the work. Some of the electrical coal-cutters, he believed, had 
equalled if not beaten that performance, but there was one thing 
to be said for those compressed-air machines to which he referred, 
namely, that some of them were still in use. He believed there 
was a colliery in Yorkshire where a great many rotary machines 
were at work successfully, and there was another where the pick- 
machine, invented more than twenty-five years ago, was employed. 
There veas one point that he should like to mention. The Paper 
stated that the cutter-bar holed for a certain distance 5 feet under 
the coal, and that,this could not have been done in any other 
way. Twenty years ago he saw a pick-machine that holed 5 feet 
under without difficulty, so that although the machine described 
in the Paper might be a good one and do its work well, it was 
not in that respect the pioneer. It was evident that the 
revolving cutter-bar lent itself to deep holeing with great ad- 
vantage. He also thought that Messrs. Goolden, as far as he 
might venture to criticize their work, had introduced considerable 
improvements in the shape of the cutters. With reference to the 
question of safety in the use of these machines, the mines of 
this country might be roughly divided into fiery and non- 
fiery. The non-fiery were those in which gas might perhaps be 
found sometimes, but ordinarily speaking it was never seen, and 
blowers were never heard of. In those non-fiery mines there was 
a great opening for the use of electric machines. The Authors 
and also Mr. Snell had given much time and attention to the 
question of making a motor so that electricity might be safely 
used for the transmission of large amounts of power in fiery 
mines. Those devices might be clever. He thought that a coal- 
owner would not be likely to choose a manager who woul: 
get a dangerous machine into the pit and then cover it over to 
Jessen the danger, but he would prefer one who kept as far 
as he possibly could away from any unnecessary risk. Therefore, 
without saying that the arrangements would not answer the 
purpose for which they were intended, he ventured to prophesy 
that in the course of the next twenty-five years those ma- 
chines would not be introduced into fiery mines, and that for 
Several reasons. In the first place, in the fiery mines of this 
country, as a rule coal-cutters were not wanted. The coal was 
frequently got by the gas, which blew it off, and the need for deep 
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esr holeing was not so great as in those mines where there was less 
on. gas, and the coal was often harder to cut. That led to another 


question—why should an electric coal-cutter or any other electric 
machine be used? As stated by the Authors, there was this 
strong reason, that the work could be accomplished with one-half 
the power, for a great deal less capital outlay, and for a much 
smaller working cost. Then it was supposed that a colliery owner 
would say to his manager, “ Why do you ask me to put down 
expensive compressed-air plant when the thing can be done so 
much more cheaply by electricity? and if you cannot keep the 
mine free from gas I must get some one else that will.” That was 
the dilemma in which a manager might be put if such statements 
as those in the Paper with regard to difference in the economy 
of electricity and compressed air obtained currency in the 
colliery districts. He should like to ask what*evidence there was 
that electrical transmission of power was any more economical 
than compressed-air transmission of power? The Authors had 
quoted a Paper by Mr. Daniel, which was read in 1874, but they 
must remember that that was sixteen years ago, and although 
compressed air was not a novelty at that time, it was only about 
twenty-five years since it began to be employed to any extent in 
the mines of this country. There were gentlemen in the room 
who had seen it fifty years ago or more; indeed, he believed it 
was used in the last century. But twenty-five years ago there 
were only one or two spots in the kingdom where it could be seen 
in use. Since 1874 he believed there had been some improvements 
in the construction of air-compressing machinery. Je should like 
to say that because in a colliery they did not have a very econo- 
mical engine, it did not follow that one could not be made. At 
an average colliery were not they consuming three or four times 
as much fuel per horse-power as they all knew to be necessary ? 
And was it likely that if they were not very careful about 
economy of fuel for a steam-engine, they would be much more 
so in the case of an air-compressing engine? He did not think 
that the instances of want of economy in Individual air-com- 
pressors and iotors in a colliery were any proof of what could be 
done by the system. It should not be forgotten with regard to 
those electrical machines, that the highest intelligence of the 
country, the utmost mechanical and scientific knowledge that the 
century had brought forward, was given to the production of them, 
whereas most of the air-compressing machines were made by 
mechanics who did not study the thing beforehand, but simply 
took the order and carried it out as cheaply as they could, and 
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nobody knew whether the machine was bad or good unless some Frofessor 
scientific man discovered that it was not giving such a good Lupton. 
result as was expected by the happy and ignorant owner. Fig. 2 
was a diagram from an air-compressor. It would be observed 
that there were some zigzags on the top line, showing a pressure 
15 lbs. higher than that in the receiver. It was not an economical 
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machine. In Fig. 3 the full blagk line was taken from Mr. 
Daniel’s Paper, showing the compression line. Comparing that 
with the curve given by the improved compressor, it would 
be seen that there was a great deal less waste power in 
the latter, the reason being that in the one upon which Mr. 
Daniel experimented the air as it entered the compressor was 
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Professor warm. The consequence was that the delivery was 25 per cent. 
Lupton. short of what it should have been, and all the results that Mr. 
Daniel had given were 25 per cent. less than they might have 
been, simply through the heating of the inlet air. That difficulty 
had now been overcome. As much depended on the economy of the 
motor as on that of the compressor. Fig. 4 was a diagram taken 
from a compressed-air engine before it was properly adjusted. 
The air was not admitted to the cylinder until about one-eighth of 
the stroke had been made; then the exhaust was not opened until 
about one-tenth of the return stroke had been made. The result 
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was a diagram as bad as it could possibly be. By slightly altering 
the valve a diagram was obtained, with a proper cut-off and a 
proper exhaust, very much reducing the air-consumption (Fig. 5). 
They had been told what compressed-air could do, but the diagrams 
from the air-compressors had not been given. It had been said,“ You 
can only get 20 per cent.” beeause there were some bad examples. 
He would suggest that there should be a competition between the 
electricians and the advocates of compressed-air, each working a 
steam-engine, the power of which was to be taken to a distance of 
10,000 yards, and used in lifting water to a given height. 

In Table II the Authors had referred to the transmission of 
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power to a distance of 2,000 yards with a cable of seven wires, Professor 
No. 16 gauge. Mr. Brain, in the Forest of Dean, had used a cable Lupton. 
of exactly the same length of nineteen wires, No. 16 gauge, for the 
transmission of the same JIP., and he lost 20 per cent. of the power 
by the friction in the main. It was true that Mr. Brain used one- 
half the voltage that the Authors proposed. If they had 10 per 
cent. loss of the power put into the main they would still require 
a cable of nineteen wires, 16 gauge. The result was that the cost 
would be £100 more for the cable, without any insulators or fixing, 
than had been stated by the Authors in Table II. The cost. of 
4-inch pipes for compressed air had been given as £700. A 3-inch 
pipe would be ample for the HP. delivered, and if they took off 
£200 from the cost of the pipe, and put £100 on the cost of 
electric mains, the figures would be materially altered. He should 
like to know what was the price of the coal-cutting machine 
mentioned by the Authors as compared with that of a compressed- 
air coal-cutter. The Paper did not give any means of comparison, 
excepting with regard to the pumps. He had been told by a 
great authority that a small motor, say 2 or 3 HP., conld not 
be worked at much more than 100 volts. He was also told 
that it was impossible to take electricity any great distance in 
a mine at a less voltage than 500 to do the work economically. 
Therefore, in order to drive several small motors in the mine 
at a distance from the shaft, they must have a transformer, 
which with continuous-current electricity absorbed at least 20 per 
cent. of the power. How did that affect the economy of the two 
methods? ‘Then there was another equally important matter. 
Supposing a motor or twenty motors in a mine, all driven off 
one set of cables charged with electricity at a constant voltage ; 
the motor was fixed to run at a given speed, and all the yearing 
was so arranged. It might be wanted to work a pump which 
had a constant load and therefore required a constant torque; 
the motor must always have a constant number of amperes in it to 
make it go. Suppose they desired to make it run at half speed ; 
how could that bedone? He had consulted a number of electricians 
who said, “ Put in resistance.” A resistance to reduce the speed 
to one-half absorbed half the power, and then what became of the 
economy? He had nothing to sgy against electrical machines, 
and he wished them all success; but when he heard statements 
that were not in accordance with his own experience, he thought 
he was justified in asking for some further explanation. 
Mr. ALBert GROTHE said that two years ago he visited several Mr, ( 

mining camps in the Western States of America with the olject of 
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making himself acquainted with the application of electricity to 
mining work, and he ventured to think that a short account of 
what he saw would not be out of place. The direct impulse 
for the journey was given by a difficulty arising out of some 
mining operations in Mexico, which would only be thoroughly 
appreciated by those who had to take up and continue old deep 
workings in mines. Professor Lupton had laid some stress upon 
the supposed fact that there was no advantage, economically 
speaking, in the use of electricity over compressed air. Those 
who had experience of both knew better. But apart from the 
question of economy there was that of expediency, and many 
of the workings of which he was speaking were ill adapted to the 
ordinary means of transmission of power. Often there was no room 
for pump-rods or for steam- or air-pipes, and ,in such cases the 
flexible electric wire, so easily placed in position, so easily length- 
ened as occasion required, and so little in need of repair, offered 
creat advantages irrespective of that of more economical working. 
In seeking the information desired he naturally turned his 
eyes to the United States for the obvious reason of proximity ; 
hut apart from that there was the important consideration that the 
Americans were far ahead of them in the application of electricity 
tu the objects of daily life and industry. For every electric motor 
in use in this country three years ago there were said to be fully 
six hundred in the United States. He believed that there had 
been an advance in England since then, and that the disproportion 
was not now so great; but if they considered that at the end of 
August last there were in the United States two hundred and 
fifty-eight railroads, having a length of track of 1,927 miles, over 
which three thousand and twenty-four cars were run by electric 
motors, they would agree with him that the Americans were still 
ahead of this country. In the fifth-rate city of New Orleans 
electric power was delivered from house to house like water. 
There was, at the time to which he referred, a show-place on the 
Feather River near Oroville, California. The river there made a 
big bend 18 miles long, which at the narrowest part was only 
between 14 mile and 2 miles across. The gravel was said to 
contain a large quantity of pay gold, and a company was formed 
for the purpose of washing and amalgamating it. A tunnel 
was driven across the shortest distance of the bend, and motors 
were placed at the lower end, so that the whole river was turned 
through the tunnel; and while thus supplying motive power 
for the different operations, left the river-bed itself bare and 
accessible. ‘The hydraulic power was converted into electricity, 
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which was led the whole 18 miles along the bend to perform the Mr. Groth 
work which had to be done in connection with the operations. 
Unfortunately he had not been able to inspect this important 
plant in operation, as on his arrival the work had been stopped, 
and the machinery was in process of removal, not, he was told, on 
account of any failure of the electric appliances, but because the 
river-bed did not contain gold in paying quantity. He mentioned 
the circumstance to show how, in that country, large enterprises 
were often started on the spur of the moment, without sufficient 
foundation for ultimate success. In Virginia City, Nevada, the 
water which had spent its energy in driving a silver mill was 
taken through pipes down a shaft which communicated with 
the great Sutro Tunnel, and was made to act through }-inch 
nozzles, with a head of 1,630 feet upon six Pelton waterwheels of 
40 inches diameter, and each connected with a dynamo. The 
electricity thus generated at the bottom of the shaft was conveyed 
back to the mill on the surface where it drove six electric motors 
of 60 HP. each at a nominal expense, thus saving 360 HP. 
which formerly were absolutely wasted. At Aspen, Colorado, 
there was at that time only a small plant consisting of several 
hoisting engines driven by two dynamos of 27 HP. It worked so 
well that large additions had since been made, and there were now 
three dynamos for sixty arc-lights each, four others supplying an 
aggregate of 2,500 incandescent lights, and two power dynaimos, 
one requiring about 60 and the other 120 HP. These drovo 
several motors at a distance of about two miles at points under- 
ground to which it would have been most inconvenient to 
convey power by the older methods of transmission. In all those 
places, however, he missed one thing which had been mentioned 
by the Authors, namely the drill, and he also failed to find an 
electric sinking-pump. He understood the Paper to deal with 
the application of electricity to mining operations, and certainly 
miners would admit that a sinking-pump and a drill were 
among the most important mining appliances, and ought not 
to be left out when it was a question of the emplovment of 
electricity for such a purpose. The great difficulty was that so 
far electricity only gave a rotary motion, and to convert that 
rotary motion into a reciprocating ane was not easy, at any rate 
while maintaining the special character of the drill. They had 
an application shown to them which was no doubt good in its way, 
but for practical work he certainly should not depend upon the 
machine which he saw before him. It would be necessary to have 
a drill which was capable of making something like 500 or 600 
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Mr, Grothe, strokes a minute, not one which would be satisfied with 50 or 60, 
and with which no practical work could bedone. He had recently 
driven a tunnel at the rate of 60 feet a week, which would have 
been impossible with such a tool. He had seen a similar thing in 
San Francisco, where instead of compressing a spring the piston 
moved in a cylinder containing air, which brought it forward in 
contact with the rock every time it was pulled back and released. 
In connection with this important subject mention ought to be 
made of a new reciprocating electro-magnetic engine by Mr. Van 
Wepoele, which was described at the September meeting of the 
American Institute of Mining Engineers in New York. The lead- 
ing idea was based upon the fact that an iron bar held near the 
wpen end of a coil of copper wire or solenoid, would be sifcked into 
the solenoid the moment a current was sent through it, and that 
it would be released when the current was breken, and either drop 
out by its own weight or might be expelled by springs. The em- 
ployment of springs in tools of this kind did not commend itself 
to the practical miner, but it would be observed that the incon- 
veniences inseparable from their use were much less in connection 
with a reciprocating motion than they would be with a rotary one, 
and possibly a double solenoid, alternately attracting and _ re- 
leasing the iron bar, would enable the inventor to dispense with 
springs altogether. A further point of interest in connection with 
this new machine was that currents rising and falling in closed 
circnits were used, instead of alternating ones. This not only pre- 
vented the possibility of sparks being produced but provided for 
the regulation of the speed of the engine according to the work it 
had to do. Ile was glad to see that the Authors were on the track 
of a really useful instrument; and he assured them that as soon 
as they had produced it he should be very happy to put it into 
practice. There was still a wide field for the application of elec- 
tricity to mining-industry and even domestic purposes, and he did 
not agree with those who thought that this power was yet too 
incompletely known to permit its use with safety. He maintained 
that as much was known about this particular form of energy as of 
any other, including the oldest of all—animal power. They could 
not grasp the mysterious nature of a horse any more than that of 
the electric current, but, if anything, had the latter under better 
control, and could apply it’ with greater precision. What they 
needed was not so much a greater knowledge of electricity as a 
greater readiness on the part of consumers to make use of it, and 
they were specially indebted to the Authors for having brought the 
subject before them. 
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Mr. Emerson Barnprince said the immediate point before them Mr. Bain- 
was the comparison instituted by the Authors between com- bridge. 
pressed-air and electricity. They had however gone a little 
farther, and had become exponents of a certain mode of cutting 
coal by machinery. He was now cutting about 1,000 tons per 
day by machinery, and therefore had some experience in that 
direction. Professor Lupton had spoken ofa colliery manager being 
naturally disinclined to apply electricity underground in places 
where there was any chance of danger. They had not to consider 
this or that mode of providing an apparently efticient safeguard 
against a possible spark in a motor, but to bear in mind that they 
were dealing with human beings, in the dark and underground, 
and of a class that could not be trusted to keep delicate machines 
in order unless they were watched from minute to minute. 
Absolute security Was therefore wanted in regard to sparking 
before a mining engineer would be justified in adopting electrical 
machinery in a fiery mine. His firm was using compressed-air, 
but he did not agree with Professor Lupton as to the comparative 
economy of the two systems. Mr. Snell’s experience at a colliery 
in Yorkshire was important, because it supplied a comparison 
between two modes of doing the same work; and even if the 
compressed-air machinery in that case had been badly managed, 
and the economy mentioned by Mr. Snell were much reduced, it 
would still be considerable. There was often a great mistake made 
as to the importance of what was called the percentage of useful 
effect. He supposed that the Authors meant the work done as com- 
pared with the IHP. of the driving-engine. In coal-cutting the 
power exerted by each machine was 6 or 8 HP., and if with com- 
pressed-air 23 HP. was required to yield this amount, whereas with 
electricity 12 HP. might suffice, the difference in cost, with a well- 
arranged engine, would not exceed £30 or £40 a year, which was 
not worth considering in comparison with the risk of stoppages 
and accidents underground. In the case of compressed-air there 
was an almost perfect freedom from the risk of stoppage, which was 
a Inatter of great importance in a colliery. Although the useful 
effect might not be half so good with compressed-air as with elec- 
trical machinery, fewer repairs would be required. If a colliery 
manager could have the assurance of being able to carry on his 
electric work without an electrician, he would be much more in- 
clined to use these machines than he was at present. The Authors 
had referred to one method of coal-cutting, exemplified by the radial 
bar on the table. According to Mr. Bainbridge’s experience it was 
best done in an entirely different way. The most widely known 
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systems were those of the wheel working slowly outwards at 


about 30 revolutions, and the wheel working inwards and making 
about 200 revolutions per minute, and he ventured to say that 
either of those methods would accomplish more, in regard to 
quantity and regularity of work, than the machines described by 
the Author. In the one case by pressing a bar forwards against 
a solid mass there was a constant tearing away of the coal; 
whereas in the other case there was less resistance and probably 
more work was done with a given amount of power. What- 
ever might be said abont the difficulties of applying electricity to 
cval-cntting would not apply in the same sense to pumping. As a 
general rule, a pump was fixed for a longer or shorter period, but 
a coal-cutting machine was constantly being moved about, and there 
was the risk of dirt and dust flying about, and damaging the 
machinery and the various parts of the gear which carried the electric 
current, especially where several hundred yards had to be traversed. 
In the case of pumping there conld be no comparison between the 
cost of compressed-air and electricity. In a few days he should 
have a pump raising 51) gallons a minute 400 fect high at a distance 
of 24 miles from the engine; and the first cost would be less than 
one-half that of compressed-air. With regard to drills, he did not 
think that they would ever be of any service for coal. Machines 
were now made for drilling coal by hand which would drive a 
hole 8 feet deep in about two and a half or three minutes, and 
the speed mentioned in the Paper was but little better than that, 
and as the hand-drill cost about 30s. or 35s. there was not much 
scope for improvement in that respect. Ile thought that there 
was an excellent opening for the application of these machines to 
driving stone drifts and sinking shafts and that kind of work. He 
should be glad if the Authors in their reply would refer to some 
place where such machines had been in practical use. There was 
at prosent so little literature available for mining engineers as to 
the application of electricity underground that he felt greatly 
indebted to the Authors for their contribution to it. 

Mr. Tuomas Parker (of Wolverhampton) remarked that as the 
Authors had referred to the plant at the Trafalgar Colliery, with 
regard to which exact data were to hand, some few statements re 
specting it might be of interest. The first installation was put 
down in 1883 by Messrs. Siemens. It was only 14 HP., but the 
colliery manager was so favourably impressed with it that in 1885 
an order was given to Messrs. Elwell-Parker to put down 2} HP. 
plant. That machine ran until 1887, at which date an order was 
given for a 20-HP. motor in addition. That was used for pumping, 
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and there was also a small plant for ventilating. The data were Mr. Parker, 
published in ‘Industries, December 9th, 1887. 'The distance was 
2000 yards, and although the motor and dynamo were manufactured 
five years ago, the efficiency obtained was 40 per cent. of the brake 
HP. in water raised, and the cost per HP. in water raised was 0: 2d. 
That was now a matter of history, and it would compare with the 
best compressed-air plant which could be put down for the purpose. 
In working the machines it was extremely advantageous to be 
able to know what was going on below by the instruments above 
ground, and the exact amount of work being done by the pumps 
was indicated by the voltmeter and ainmeter in the engine-house. 
As was sated in the Paper, they used belts in that particular case, 
the reason being that they wished to get the motors a little further 
away from the pumps, which were constantly breaking the joints 
and scattering the water about. They were now making motors 
which were proof against getting wet, but he did not think it 
advisable to run any risk so long as it could be avoided. If the 
loss incurred in the leads was assumed to be 10 per cent., they 
could easily obtain at full load an efficiency of 75 per cent. of 
mechanical energy delivered at any point, however distant. 
With regard to a question asked by Professor Lupton implying 
that at varying loads they were compelled to use the same 
amount of energy, under ordinary circumstances the electrical 
motor had the power of regulating the amount of energy it 
received by the amount of resistance which was imposed in the 
way of work. As one proof that compressed-air was beginning 
to lose favour with mining engineers where they were satisfied 
with the safety of the application of electricity, he would state that 
he had just received orders from a colliery company in his neigh- 
bourhood, after careful trial on a smaller scale, to replace com- 
pressed-air plant with a 60-HP. installation for electrical trans- 
mission. With reference to the suggestion that there should 
be a competition to determine the merits of electricity and com- 
pressed-air, he could only say that he would be glad to enter into 
the competition at any time that might be selected. He had fre- 
quently devised machines for use in dangerous places, but he had 
never been able to find a colliery manager who was willing to 
undertake the risks, and he did not care to do so himself. It was 
not a question solely of sparking, but of accidents which might 
happen to the armature or any parts of the motors or ‘cables; and 
the machines to be employed in dangerous places must be under 
the supervision of persons who were acquainted with their laws. 
If the cables were run in iron piping, in which also the switches 
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of fresh air from a safe portion of the mine into a chamber loosely 
covering the motor, there would be very little risk indeed if 
ordinary care were taken. It had been said that a high class of 
intelligence was needed to superintend those matters, but the same 
was true of compressed-air machinery when it was first made, and 
probably Lefore long plenty of labour would be available to prepare 
and handle electrical installations. They were greatly indebted 
to the Authors for their Paper, and he believed that engineers 
were now on the eve of a very large application of electricity. 

Mr. Frank Brain thought the Paper was a most valuable 
contribution to the subject of electricity as applied te mining. 
With reference to the plant that his firm had put down at the 
Trafalgar Colliery in the Forest of Dean, he, might mention that 
they had increased it three times, and had had no trouble with it. 
With the first installation they carefully boxed up the cables, 
anticipating that a fall of the roof might damage them. When 
they put in the second and third installation they did nothing of 
the kind, as it was found that there was no necessity for it with 
a fairly insulated cable, to which proper attention was given. It 
was i non-gaseous mine, and the trouble from the falling of the 
roof, &e., was very small. He had closely followed the discussion 
with reference to the means taken to prevent the explosion of gas. 
As a practical man, he looked upon the machine as well fitted for 
putting into the hands of the miner. There were many mines 
where it could be used without danger from fire-damp, and he 
thought that it was one of the most practical in the market. It 
was so strongly made, and so closely boxed up, that it appeared 
almost impossible to injure it. It was much better, as the Authors 
had shown, to protect an armature going at a high speed, in a 
machine which was intended for use in a dark mine. That he 
regarded as a distinct advance, apart from the question of gas. 
The Authors stated that the construction of the machine was such 
that they could ensure its running in explosive gas for two hours 
with perfect safety. If so, that was all that colliery managers 
required, and so far from suggesting that a non-explosive com- 
pound should be introduced, he would say, “Stick to your text 
and prove it, and we shall %e satisfied.” The matter of efficiency 
had exercised his mind. In papers which he had read on the 
subject before the British Association and the South Wales In- 
stitute, he prominently introduced that question. He might 
mention that Mr. Parker had made use of some figures which 
were a misprint, the real figures not being quite so satisfactory. 
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At the meeting of the South Wales Institute there was a large Mr. Brain, 
number of practical men who had used compressed-air plant 
in their collieries, and some of the makers of it were also pre- 
sent, and the matter came up prominently for discussion; but 
he was disappointed to find that no reliable data were pnt before 
them. There were many opinions, but no practical figures were 
forthcoming. When the President, Mr. Colquhoun, who had a 
great deal to do with colliery plant, summed up, he said he had 
had nothing to do with electric motors, but he must confess that, 
so far as his experience went, the efficiency of compressed-air 
machinery never exceeded 25 per cent. Mr. Brain had recently 
spoken op the subject to an eminent engineer, who was describing 
a large compressed-air plant with all the latest improvements 
which he was putting down; and on asking him what efficiency 
he expected, he said that he hoped to get 40 per cent. A short 
time since a large colliery owner whom Mr. Brain knew asked 
his manager to furnish him with indicator diagrams of the com- 
pressed-air plant at all his collieries; and the efficiency was found 
to be 17 per cent. In the case of some modern machinery be- 
longing to one of his friends (who had nothing to do with 
electricity), the average result obtained from the diagrams was 
18 per cent. That was pretty strong evidence as to the present 
day efficiency of compressed-air plant. 

Professor Grorce Forzes differed from the Authors as to the Prof. For 
danger of using the machinery which they suggested in fiery 
imines. He believed that in 1878 the largest employers of coal- 
cutting machinery in the country were the firm of Merry and 
Cuninghame. They were then using compressed-air to drive 
it, and were getting an efficiency of about 25 per cent. He 
was asked to look into the question of applying the electrical 
transmission of energy to the purpose. He accordingly worked 
out a plan, and was only deterred by a consultation with Mr. John 
Cuninghame, the manager of the Company, who with himself came 
to the conclusion that the danger of sparking was so serious that it 
was utterly impossible to employ electrical motors for coal-cutting 
machinery. And he still said, after carefully reading the Authors’ 
Paper, that even with the precautions therein mentioned, it would 
be dangerous to introduce the machinery described into a fiery 
mine. Various theoretical reasons had been given why it was 
perfectly safe. First, it was said that in the ordinary way of 
using an electric motor the temperature of the spark was so low 
that it would not fire an explosive mixture. He could not be- 
lieve that that statement was made with experience of what an 
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at Forbes. electric motor would do. It was certainly true that in the 
ordinary way of working an electric motor under the most perfect 
conditions there was hardly any spark at all, and it might be 
that there was only the red spark which did not produce the 
oxidation of copper, and was therefore of a lower temperature 
than that required to cause the ignition of an explosive mixture 
of fire-damp and air. But in a large number of cases they certainly 
did get a spark of a higher temperature at the brushes, and he 
hoped that no one would believe that in a fiery mine it would be 
safe, from the reason suggested, to adopt a motor, or that sparking 
of the brushes could not possibly explode a mixture of fire-damp 
and air. ‘The Authors further said that, even if an explosion 
could be so caused, they had enclosed the commutator in a casing 
by which such a result was rendered impossible. They maintained 
that there never could be any serious accumulation of marsh- -2as 
in the casing, because the spark of the commutator would be con- 
tinnally burning it up; in other words, that the sparking was 
really a safeguard against an explosion. He thought they had 
utterly failed to recognise the fact that if the machine were left 
for a considerable time the gases would accumulate inside the 
casings, which would be a very serious matter when the machine 
was started again. Moreover, the Authors stated : “It is not likely 
that any electric motor will be placed in such a position as to be 
worked continnonsly in an explosive atmosphere for a longer period, 
at the outside, than two or three hours. The casings with which 
they are provided are tightly fitted at all the joints, many of them 
being packed with rubber, and it is not likely that an inflammable 
mixture could penetrate to a dangerous degree within that time.” 
That was all very well, but if the machines were left unemployed 
for a considerable while, the gases would accumulate in the casing. 
Moreover, the coal-cutting machines, of which he chiefly spoke, 
were used in the most dangerous part of the whole mine—at the 
working face, where they might strike a blower at any moment 
and have a large outburst of explosive gases, which would be a 
very serious thing if they depended simply upon the protection 
afforded by the casing. Having originally stated that the tem- 
perature of the spark was not sufficient to ignite the gas, and 
having then said that if the temperature was sufficient to explode 
it they provided against the danger by putting the whole commu- 
tator, and perhaps the whole machine, into a casing, the Authors 
remarked (evidently foreseeing that it would not be accepted as 
sufficient precaution by engineers) that they would admit carbonic 
acid into the casing. He could not believe that that suggestion 
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was really put forward as likely to be adopted by coal-miners. Prof. Forbe 
Was it conceivable that the miners would continue admitting 
carbonic acid into those casings for a long period when they 
knew that there was no fire-damp about, and would they not 
be perfectly certain to cease doing so? And it would be when 
the supply of carbon dioxide was omitted that the blower would 
be struek, and a large amount of fire-damp would be admitted. 
It was said in the Paper: “These precautions, which have been 
earried out successfully in practice, are, in the Authors’ opinion, 
amply sufficient to meet all objections on the point of safety 
in connection with the application of electric motors to mining 
work.” ,He wanted to know what those words meant. Had the 
machine been tried in an explosive mine, where there was 
known to be an explosive mixture of gases at the place where 
it was used, or (what was much more important) had it been 
worked in a chamber filled purposely with an explosive mixture 
of fire-damp and air? He certainly should not be willing to 
sit in the chamber while the experiment was being made, and 
he should be glad to know from the Authors whether they had_ 
made such an experiment themselves. Then there was another 
serious reason against the adoption of electric machinery in fiery 
coal-mines, namely, the danger of the fraying of the insulation, 
or of the actual severance of the mains by picks, &c. He could 
conceive no place in which it was more difficult to ensure perfect 
insulation than a coal-mine, in consequence of the damp which 
was often experienced, the dirt, the grit, and especially the dark- 
ness, which rendered the cables more liable to be trampled on and 
damaged. ‘There was no place where there was greater danger 
of injury to the insulation, and if only for that reason, he 
should consider it very dangerous indeed to put down an electric 
plant in a fiery mine. If, however, by the adoption of extra- 
ordinary precautions, the mains could be made with a fair cer- 
tainty of preserving their insulation, he should still object 
altogether to the use of the machines described in the Paper, 
owing to the danger of sparking at the commutator, and the 
results which might happen therefrom. He thought it might be 
interesting to the Institution if he mentioned some results which 
had been obtained from a different type of electric motor, which 
entirely obviated the defect to which he had referred, namely, the 
Tesla motor, which he believed was discovered simultaneously by 
Nikola Tesla and Professor Ferraris. It had no commutator, and 
no collecting brushes on the armature, and the armature, as an 
electric unit, was totally distinct from the rest of the circuit; and 
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there was no possibility of sparking there. It required, however, 
that there should be not simply one single current, but two, 
and was therefore driven by means of a special dynamo, with 
four poles and two cireuits on the armature, so arranged as 
to give currents differing in phase by an interval of a quarter 
of a period. Three wires were required for the mains, one for 
each current, and an intermediate return. The motor consisted 
of a similar arrangement—four pole-pieces, and an armature 
which was wound with wire and short-circuited upon itself. 
The result was that the current circulated round the field- 
magnets of the motor in such a manner as to cause the polarity 
of them to rotate continually in one direction round the amature, 
and by doing so to make the armature to revolve in the same 
direction. In this way without any commutator whatever they 
were able to get powerful mechanical effects. He thought it was 
worth while to mention the matter, because he supposed he was 
one of the few who had had an opportunity of testing these 
machines, which he did a year ago at Pittsburg. At that time 
they were not being made larger than about 5 HP.; they worked 
extremely well. He was only able to get a rough idea of their 
efficiency by the means at his disposal, but he knew that they 
were fairly efficient. ‘The chief difficulty was that of getting 
sufficient torque, or twisting power, when the current was first 
put on; but by an ingenious device that difficulty had been over- 
come. Ile believed that they had been made of larger size since 
the time to which he referred. They had been largely used in 
Pennsylvania in coal mines, and he thought they were certainly 
the type of machine that would naturally be employed in places 
where there was danger from fire-damp. 

Mr. Jon Tay.or said he did not intend to take part in the 
discussion with regard to electrical machinery generally, but he 
was able to give some facts which would be of interest, because 
they were the results of working mines upon a considerable scale 
during a period of several months. He referred to some gold mines 
in California, the property of a company of which his firm had 
the management. ‘They had been abandoned for some years, in 
consequence of the impossibility of working them to a profit by 
steam-power, the ores being of low grade. ‘The matter was 
brought to his notice two years ago by Mr. G. Cullen Pearson, 
who was interested in the mines during the period of their 
working by steam-power. Mr. Pearson saw the future possibility 
of the transmission of power by electricity, and secured, in addi- 


tion to the interest he then had in the mines, water-power at a 
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distance of about two miles. This was utilized by a Pelton wheel, Mr. Taylor 
87 inches in diameter, and capable of developing 125 HP. with 
400 miners inches of water under a pressure of 110 feet. This 
wheel drove a Brush generator of 100 HP. The current was 
transmitted to the mines, which were at an elevation of 1,400 feet 
above the power-station, and a distance of 10,890 feet (just over 
2 miles), by a No. 3 insulated copper wire less than a quarter of an 
inch in diameter. The wheel and the generator were capable of 
developing 125 HP., but they were not working up to that. The 
exact length of wire to complete the circuit was 22,588 feet, or 
4 miles and 1 furlong. At the mines there was a Brush motor 
workings up to 60 HP. actual. It drove a ten-stamp battery, 
and three Huntington mills besides, equal in all to a forty-stamp 
battery, and there was also a large rock-breaker. In addition, 
all the mills and buildings were lighted by glow lamps by 
the current taken direct from the transmitting- wire. The 
power required for running the machinery as at present used 
was from 41 to 43 electric HP.; there were ammeters and volt- 
meters placed both at the power-generating station and at the 
mills by the Brush Company who put up the plant, and they 
were guaranteed by them to be correct. The electricians present 
would be able to give their opinion as to whether there could be 
anything questionable in the results given by these instruments. 
Mr. Pearson had himself made numerous observations by means of 
a telephone from the generating-station to the mines, and Mr. 'laylor 
had received from him particulars of one taken on the 12th of 
January. At the power-generator there was registered 29 amperes 
at 1,250 volts, equal to 48% electrical HP. The current at the 
mills at the same time was 28 amperes and the pressure 1,100 volts, 
equal to 414 electrical HP. ; so that practically they were receiving 
at the mills from 83 to 85 per cent. of the HP. generated as 
actual working energy, at a distance of over 2 miles. ‘They 
were confidently told by the electricians who put up the ma- 
chinery that a wire two sizes larger would give from 2 to 5 HP. 
additional; they might therefore talk about 90 per cent. of 
the HP. at a distance of more than 2 miles. Mr. Pearson had 
mentioned a variation of from 14 to 2 per cent. in the power 
delivered, which it appeared was fependent upon atmospheric 
conditions. It might be easily understood that there was a 
larger efficiency in cool dry weather than on a warm, damp day. 
The electricians of the Brush Company stated emphatically, after 
the work had been going on for some time, that they might 
safely reckon upon 70 per cent. of the HP. at a distance of 
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12 miles. The experiment was not a small one; the work had 
been going on since August, day and night unceasingly. They 
had a good deal of trouble at first, but after everything was in 
order they went on without a single interruption. The most 
remarkable thing was the small amount of wear and tear, 
which appeared to be confined to the copper brushes, and the 
copper segments of the commutators. Mr. Pearson had given 
the whole expense of the renewals and for oil at only $25 per 
month, which was, of course, a mere trifle. He had proved, 
during that period of five months, that he required no skilled 
men. ‘T'wo miners had been instructed, and they attended. solely 
to the machinery where the Pelton wheel and the dynagno were 
working. Up at the mill there was no supervision whatever of 
the motor beyond one of the men going in to see that the oil 
cups did not run empty. The machinery, Mr. Pearson stated, 
was entirely under control, and in all his experience he had never 
had to do with a motive power which could compare with it for 
economy, cleanliness, steadiness, and the ease with which it could 
be handled. Between the Ist of August and the 31st of December 
the machinery had dealt with 19,000 tons of rock. The gold was 
extracted at the remarkably low average cost for mining and 
milling of 50 cents.—or 2s. 1d.—per ton, beating, as far as Mr. 
Taylor’s experience went, any record even where there was water- 
power close to the scene of operations. It would be readily 
understood that there was an enormous field opened up for working 
mines and many other industries under similar conditions. Mr. 
Pearson's statement was a remarkable one, and he placed it before 
the Institution as the actual result of a large cpsranen over a 
considerable period. 

Dr. Le Neve Fosrer remarked that the point that specially con- 
cerned the mines in his district was the discovery of an electric 
drill, which would bore holes for blasting, and naturally, when he 
heard that such a machine was at work in the neighbourhood, he 
made an effort to go and see it. It was the one represented in Fig. 8. 
He was greatly disappointed on arriving at the mine to find that 
it had not turned out a success, and had been sent away. The 
reason of its failure would, he hoped, be given by the manager of 
the slate mine, Mr. Roberts, who saw the experiments made, 
and had come from North Wales to speak on the subject. The 
expression used by the Authors, ‘as hard as slate,” seemed rather 
inappropriate, because to a miner slate was a comparatively soft 
rock, and it ought not to go forth to the world that it was con- 
sidered by them to be one that was difficult to bore in. The 
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Authors had also referred to the diamond drill, stating that the Dr. Foster. 
expense of the diamonds was so heavy as to make the use of that 
machine unfitted for boring holes for blasting. It was perfectly 
true that the cost of diamonds was high, but it was not pro- 
hibitive. An account was given in the last Jahrbuch fuer das Berg- 
und Huettenwesen, a Saxon mining annual, of a diamond drill which 
was in successful use in Germany for that purpose. The writer 
found by experience that in such rocks as the crystalline schists, 
gneiss, greenstone, porphyry, clay-slate, and granite, the cost per 
foot bored was two-fifths of a peuny for diamonds alone. It was 
true that that was a high charge, but taking the results of actual 
work, itgwas found that, although the cost of driving tunnels had 
not been diminished, yet it was possible to drive them twice as 
fast for the same ingney as with hand-labour. In the case of a soft 
rock like slate a less expensive material than diamonds might be 
adopted; he believed that emery might be used with success. 
He should be glad if the Authors or any one else could give some 
information about the Edison percussive drill, which appeared from 
the drawings to bo a handy instrument. He thought the thanks 
of miners generally were due to the Authors for giving so much 
information as to the use of electricity in mines. ‘The Paper was 
one that would be read and re-read by them, and he hoped that 
one result of it would be the utilization of a large amount of 
waste water-power in the district in which he resided among the 
hills and valleys of North Wales. 

Mr. C. Warren Roserts said that a question had been asked by Mr. Robe 
Mr. Bainbridge as to where the Authors’ percussive drill had been 
in actual use. A,percussive drill had been tried at the slate- 
mines belonging to Messrs. J. W. Greaves and Sons, of North 
Wales, for whom he was Engineer. The plant put down by them 
was erected mainly with a view of rock-drilling either by rotary 
or percussive drills. They utilized a stream of water drawn from 
reservoirs. It averaged 300 feet per minute, and passed over 
wheels at various elevations, developing from 100 to 120 HP. 
before it arrived at the turbine, which was now used to generate 
the electric power. The first drill tried was of the Authors’ 
rotary type, which was not made specially for slate, and did not 
work successfully in it, although it thad answered well for coal. 
Slate, as Dr. Le Neve Foster had said, was very soft, yet it was 
tough. The rotary machine did not succeed perhaps fur more 
than one reason. It did not seem to bite into the rock; and 
if it did there would be a difficulty in getting the dust from 
the pulverized slate out of the hole. Afterwards the proprietors 
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dr. Roberts, of the mine tried a percussive machine, the ordinary Ingersoll 


Mr, Smith. 


drill, driven by a flexible shaft, like that in Fig. 8, Plate 4. 
There were various mechanical arrangements in that drill which 
were faulty. The principal thing was that the legs could not be 
fixed up with any security, there being a want of rigidity about 
them. The flexible shaft kicked a guod deal while revolving, 
causing a jerk in the frame, irrespective of the concussion due 
to the working of the drill itself. The back leg of the tripod 
on which the instrument was fixed was not sufficiently rigid, 
and the vibration caused it to shift about. In practice he found 
that the length of the feed, which was only 8 inches, was much 
too sinall, necessitating the changing of the drill two or three 
times, and it was not easy to get the old drill out and the new 
one in place. Other mechanical difficulties were met with in 
small matters, such as pins breaking, the failure of the feed- 
gear, and the automatic twisting of the feed. They were now 
hoping to get a drill mounted on a central column fixed on a 
trolly, which could be screwed up to the roof, so as to ensure 
rigidity; while by various simple mechanical arrangements the 
frame of the drill could be moved into almost any required 
position, thus saving much time in fixing the machine for boring 
fresh holes. The motor also would be fixed on the same frame, 
thus doing away with the flexible shaft. At the present time the 
difficulties were mainly mechanical, and they wanted a drill to 
work more directly from the motor than the one they had been 
able to get. There was no difficulty with regard to sparking in 
slate mines, because there were no dangerous gases generated. 
There was undoubtedly a large field for the application of electric 
power to mining purposes, especially in the Festiniog district, 
where the supply of water was ample, and the mines were 
amongst the largest in the world. Some of the openings were 
from 100 to 150 feet high, 50 feet wide, and 200 feet long, and 
an idea of the extent of the workings might be gathered from the 
fact that in those with which he was connected there were over 
20 miles of roadway. 

Mr. Hotroyp Sarru said the figures which had been given from 
America with reference to the transmission of electrical energy 
appeared to him to be altogether too good, and he desired, as he 
had done on one or two previous occasions before other societies 
meeting in that room, to lay stress upon the necessity of stating 
the particular point from which such measurements started, and 
the point at which they ended. When he heard of electrical 
energy transmitted for 2 miles with an efficiency of 85 per cent., 
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it was altogether too good, at any rate for him to accept. If Mr. Smith 
they took only the electricity that went out from the generating 
dynamo, and compared it with that received at the end of the 
cables by the motor, then he admitted that 85 per cent. was 
easily obtainable: it meant that 15 per cent. was lost in the 
wires themselves, and for a distance of only 2 miles such a loss, 
without some further justification than the saving in copper, was 
not to be commended. He assumed that the Authors when 
speaking of their percentage of efticlency, and comparing it with 
that of pneumatic machines, were referring to the power exerted 
by the steam-engine and the power given out in actual work 
where if was received. He had had several times to deal with 
statements as to the transmission of electrical energy, and when 
he had given his figures some of his hearers had said that they 
were too low, while others bad stated that they could do a great 
deal better. His reply was that if he measured in the way that . 
some persons did he could get the high total efficiency claimed by 
them. The question was one not only of scientific but of com- 
mercial importance. They ought to make it almost a matter of 
conscience to speak clearly, not only amongst those who were 
familiar with the different modes of measurement, but especially 
when talking to the outside world who would be the purchasers 
and users of the apparatus and instruments. On a question 
of transmission the Authors had stated that there was little 
difficulty in obtaining 50 per cent. of the power expended in the 
engine. He wished to ask whether that meant indicated HD. or 
the power given out by the engine. It was a little risky, if they 
wanted to define clearly what should be the efficiency of any 
system, to be dependent upon the efficiency of the engine employed, 
an item that seemed to be left out in some statements. His own 
experience had not been suchas to enable him to say with certainty 
that he could expect an engine to lose less than 15 per cent. in 
itself before it began to give anything to outside work. It was 
necessary to know what the amount of this loss was before a proper 
comparison could be made between the various systems of trans- 
mission. [Mr. H. B. Atkinson said that the horse-power referred 
to in the Tables was brake horse-power.| The brake horse-power 
given out, and the actual work dons, were to his mind the points 
from which they ought to start and at which they ought to end in 
any calculations of that kind. Previous speakers had offered some 
criticism as to the style of dynamo employed by the Authors for 
their work, and he thought that any one who had had experience 
of coal-mining would agree with Professor Forbes in wishing, as 
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far as possible, to avoid sparking. What had struck him as rather 
paradoxical was, that Professor Forbes had started with a very 
strong and absolute prohibition of the employment of electricity 
in coal mines, and had afterwards elaborately described a particular 
kind of motor that had recently come under his observation in 
America. He thought there was no electrician present who 
would not much prefer an alternating-cnrrent motor if it could 
be economically constructed, and could be made reliable not only 
in working, but in the very important point of starting. Dyrofessor 
Forbes did mention some difficulty on that score, which he said 
had been overcome. He was interested to find that the Authors 
and soveral other electricians, whose knowledge and experience 
in these matters wero much greater than his own, had, through 
a series of experiments, been led to a conclusion which he had 
himself arrived at intuitively some years ago, namely, that the 


- Gramme type of armature was better suited ict rough work than 
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the drum type. At meetings of that kind their duty was not 
ineroly to criticise, but as far as possible to make suggestions. 
Hoe would offer one with regard to the percussive drill. He did 
not know how far it might be practicable, but it had helped him 
out of a difficulty some years ago. He had been preparing for 
a lecture upon the action of the wings of birds and insects in 
flight. He wanted to illustrate a theory that he had formed upon 
that question, but his difficulty was how to imitate the movement 
of the wing of the insect without any complication of mechanism. 
He did so by alternately compressing and releasing air in a 
cylinder, the pressure being transmitted through a tube to a 
similar apparatus attached to the model. Pogsibly, in tho rock- 
drill, the required blow might be produced by allowing the motor 
to force and to suck air in a similar way. Perhaps some of those 
who were engaged ‘in this work might find it worth while to 
make the experiment. 

Mr. I. Kk. B. Crompton wished to call attention to a diagram 
prepared by Messrs. Smith, Beacock, and Tannett, of Leeds, who, 
he believed, had made the first electrical coal-cutting machine 
(Figs. 6 and 7) about three years before the date mentioned by 
the Authors. It consisted of an oscillating arm furnished with 
cutters, and mounted on aavertical spindle, so as to oscillate 
through a stroke of from 5 to 8 inches. The short end of the 
lever was worked by a pair of electro-magnets, to which the 
current was applied alternately by a very crude form of com- 
mutator. The result was that a vibrating motion was given to 
the arm and the coal was cut. The difficulty was the imperfect 
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knowledge of electrical matters in those days. THe did not doubt Mr. Cromp 
that the Authors had acted wisely in adopting the revolving 
cutter-arm which they had shown. The next point to which he 
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wished to draw attention was the moderation of the language 
used by the Authors when comparing the efficiency of electrical 
transmission with that of compressed-air transmission. He agreed 
with several speakers that nothing was to be gained by over- 
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stating the case, but he thought that those who were conversant Mr. Crom 
with the use of electricity would agree with him that the Authors 
had, if anything, erred on the side of moderation. He was sur- 
prised to hear them say that their percentages were taken on the 
brake horse-power. He thought that they had taken them on the 
indicator diagram, and even then he was prepared to substantiate 
them. He was quite certain, therefore, that they had allowed an 
ample margin, and that electrical engineers ought to be able to 
carry out, and more than carry out, all that had been said with 
regard to the transmission of power up to the distances named. 
Professor Lupton had thrown down a challenge to electrical 
engineers which he believed had been taken up by one or two 
gentlenfen present. But it had already been taken up in a much 
more practical form, namely, by the supersession of air-trans- 
nussion plant all sver the country. This was being done to a 
large extent in South Wales, and he believed that in a few years 
the transmission of power by compressed-air would be nearly 
obsolete. Reference had been made to the cost of repairs for 
electrical-transmission plant as compared with compressed-air 
plant. The one complaint that the owners of the latter had 
made to his firm was the great expense of the up-keep. It was 
costly in two ways—first, on account of its being so inefficient : 
that portion which answered to the generating plant—the steam- 
engine and boilers and the air-compressing pumps—was from two 
and a half to three times as big as was necessary for the electrical 
plant, and the expenses of the up-keep were proportionately in- 
creased. Then there was also the interest on the inoney invested, 
and not only was the prime cost greater, but more space was taken 
up by the machinery. He had carefully gone through the figures 
presented by the Authors as to the comparison of the first cost of 
air-transmission plant with electric-transmission plant, and he 
unhesitatingly stated that they were correct and moderate. They 
had left out one important item that ought to have been put in, 
namely the cost of the boiler-power necessary, which, in the 
case of air-transmission plant, was nearly three times as much 
as was required for electrical transmission. He had heard with 
considerable interest the remarks of Professor Forbes as to the 
extraordinary dangers which he foresaw in the use of electrical 
machinery in fiery mines. Profess$r Forbes had apparently over- 
looked one important matter. It was true that, however carefully 
they might guard against the danger of the communication of 
the sparks inside the casing to the explosive gases, there was 
some risk. He admitted it, but it would always be so wherever 
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machinery was introduced into mines. They could not work 
any kind of coal-cutting machinery without the possibility of 
the steel points coming into contact with some material harder 
than the coal, and so causing sparks. Explosions might be pro- 
duced in that way. He thought however that the risks from 
such a cause were greater than they would be from sparks 
communicated from the commutator in carefully devised casings 
such as the Authors had recommended. Some of the drawings 
of the casings, he thought, might be improved upon. He con- 
sidered far too much space for explosive gases was given, and 
that it might be reduced to such an extent that the danger 
would be oxtremely small. With reference to the drill question 
he agreed with a previous speaker, who wanted something simpler 
than the Ingersoll drill, driven whether by a flexible shaft as 
shown by the Authors, or, in a way which he himself preferred, 
by a simple rope on to a V pulley. He would like to have a 
direct-acting percussive drill, with a quick, short stroke. They 
should in fact imitate some beautiful drilling machinery which 
was shown in the Paris Exhibition two years ago, driven by 
compressed air, giving he did not remember how many thousand 
strokes per minute. The stroke was infinitesimally short, but 
the machine was able to cut away the surface of the hardest 
substance at an astonishing rate. 

Mr. Anrnuur Sopwitn considered coal-cutting one of the most 
important subjects connected with electric mining-machinery. 
They had arrived at a great state of perfection in motors and 
had certainly got considerably beyond the experimental stage 
with coal-cutters. The Authors had mentioned one special type 
as the best, namely, the rotary cutter-bar; but so far as the 
application of electricity was concerned, whether the machines 
worked with a rotating disk, or with a band with cutters, it 
was practically the same. Under certain conditions they could 
be used to considerable advantage; but they required a fairly 
even floor, and a good roof, so that there might not be too 
much intervention of timber. They also required, in the case 
of the rotary cutter-bar, a band of coal or shale somewhat in 
a state of tension, which considerably assisted the action of the 
cutters. The converse of those conditions frequently existed, and 
would greatly militate against’ the working of the machine. They 
might often have to cut in dead tough material in which very 
little progress could be made. Again, the timber necessary for the 
roof sometimes made any continuance of working in the line of 
the face impossible. In America there were machines worked by 
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electricity which obviated some of those difficulties. Instead of Mr.A.Sopw 
going along in a continuous line, a short length only was taken at 
a time, and a cut was made of a certain width and depth; then the 
machine, which could be clamped to the rails, was moved forward, 
and another cut was made alongside; or if anything intervened it 
could be placed further on, and the remaining part cut out. The 
principal advantage of this method was that it obviated the 
necessity of continuing along the face. The application of motors 
to work percussive or pick machines might also be easily under- 
stood. He was about to make a suggestion, which might be open 
to criticism, but he understood that something on the same lines 
had beenalone in America. It was practicable from a mechanical 
point of view; and the question he wished to ask was whether 
there was any real glifficulty in carrying it out from an electrical 
point of view. Mr. Crompton had said that a machine which 
would give a very great number of blows, let them be ever so 
small, would probably be a very good type, and he agreed with 
that view. The point which was looked after very often in coal 
nining was that of having a machine which would do a great 
deal of work. He felt certain that a much lighter machine, 
although at a great sacrifice of power, would gain so much in 
portability and convenience, that in the long run it would do as 
much work as a big one. The principle of what was known in 
America as the Electro-Magnetic Reciprocating Machine appeared 
to him to be certainly applicable to drills. In it, a bar was 
drawn into a coil by the action of a current, and brought back 
again either by springs or by its own weight when the circuit 
was broken. The great point was the question of the make and 
break; but if a generator was constructed by which rising and 
falling currents were created in a closed circuit, the work was 
done without any possibility of sparking. He thought there 
should be no difficulty in designing a coal-cutter upon the same 
principle. It might be said that it would not be easy to 
construct a machine which would do anything like the same 
amount of work; but then it would have all the advantages of 
simplicity, and the absence of movable parts subject to wear 
and tear. Although in practice it might appear that the wear 
and tear of coal-cutting machinery Worked by motors was not 
very great, it could be easily understood that quick rotating 
and heavy armatures working along an uneven floor must be a 
source of continual expense; but if percussive action could be 
employed in working coal in as simple a manner as he under- 
stood it had been in America with rock drills, he thought they 
L 2 
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had arrived at a solution of the difficulty. A person not familiar 
with the subject would be struck with the large amount of power 
which was lost in the transmission of the electrical current. No 
doubt when the use of electricity became, as in all probability it 
would in a short time, universal throughout mines, and it had to 
be conveyed long distances, the question would assume greater 
importance. There was one thing which he thought most engineers 
would object to, namely, having high tensions down a mine. 
Although the transforming system might be carried out, it seemed 
to him that it would lead to great complications. But he 
thought there was no place so convenient for the economical 
carrying of a current as a coal-mine, especially if it happened to 
be dry. In his case he had used, although not for conveying 
power, 2 quantity of old iron and old wire-rape instead of copper, 
the resistance being only .j, ohm per 1,000 yards, and the cost, 
including insulation, the same as that of a copper cable of 
19 of good insulation. The relative economic value of iron to 
copper was as 5 to 1, so that at all events there was room for 
allowing five times the amount of current at the same expense. 
He mentioned it because it had impressed itself upon his mind, 
especially as he had tried an experiment with laying wire-ropes 
side by side on the floor of a coal-mine, and found that practically 
there was no leakage at all, the coal-dust being a perfect insulator. 
Certainly great economy might be effected by the use of such 
conductors for conveying the current to centres of distribution in 
a@ mlne. 

Mr. Sypyey F', Warker wished to offer his hearty congratulations 
to the Authors, and the firm they represented, on having been the 
first properly to grapple with the question of the electrical trans- 
mission of power in mines. He thought that nearly all those who 
had studied the question had felt that, before it could be on the 
same footing as compressed-air, hydraulic power, and other systems 
now in use, they must have self-contained apparatus. If a mine- 
owner had some pumping to do in a place where he could get 
a steam-pump, he had only to connect his steam-pipe to it. Until 
the introduction of the present machines, they had to put down a 
pump witha motor and gearing separate, and he thought that these 
inventions would prove a marked advance in the transmission of 
power by electricity. As to the important question of sparking, 
he agreed with the Authors up to a certain point. He had 
repeatedly expressed the opinion, before Mining Institutes, that 
the sparking at the commutator was not dangerous, and would not 
fire gas, and he still adhered to that view, for the following 
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reasons. First, he had discharged ordinary coal-gas over an old My, Walker 
series commutator ten years ago, and could not get the slightest 
sign of ignition. Then it should be borne in mind that in order 
to produce ignition, the spark must pass through the gas, and he 
would ask whether a revolving armature did not create something 
like a vacuum in the neighbourhood of the commutator, which 
would keep the gas ont. He had another and a much stronger 
argument which had come to him only recently. Petroleum 
gas, he understood, was much more inflammable than ordinary 
coal-gas. The chief engineer of a petroleum steamer had told him 
that he had a dynamo working in their pump-room, which was 
always full of petroleum vapour, into which it was dangerous to 
go witha a naked light; but there had not been the sig sient sign of 
ignition. At the same time Mr. Walker realized wih the Authors, 
that if there was any feeling amongst mine-owners that the danger 
existed, that feeling must be respected and provided for. He did 
not think that their cover was of the slightest value, for they 
could not bottle up a spark: the proper course was to get rid of 
it. There were two points where the spark might, be—one at the 
switch, and the other at the commutator. It appeared to him 
that there was no reason why the switch need be in gas at all. 
It could be put in the eugine-house, or at any convenient 
point, with an ordinary electric-bell signal between it and the 
motor station. With regard to the motor itself, his view was 
that where the gas had to be provided for, and there must be 
no sparks, there were three ways out of the difficulty. If 
the alternate-current motor proved itself a success, that was 
evidently the machine of the future for all work of that kind. 
The second way was the one which Mr. Sopwith had men- 
tioned, and which he thought could be arranged very simply, 
and worked by an alternate dynamo from the engine-house or by 
reversing-gear in the engine-house near the ayaame! The third 
way was to reduce the spark at the cominutators below the firing 
point. He thought it was clearly proved by experiments that had 
been made, some by himself and some by Mr. Mordey and others, 
that it was not a spark per sv that ignited the gas, but a spark of 
a certain energy; there must be a current of about 10 amperes, 
and, at any rate, a pressure of ? volts. If, therefore, they 
could construct a motor so as never to have a spark with a 
pressure of 2 volts at the brush, including self-induction and 
everything, it would be harmless. That was simply a question of 
construction and of size. Like Mr. Sopwith, he strongly advised 
that the tension in a mine should be kept low. He was aware 
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that, at the present moment, both pumping and hauling were 
being done with 300 and 500 volts, and no serious harm had 
resulted. He thought it should be remembered that those were 
selected cases; when they came to regular everyday work they 
might and probably would have accidents. It was not that a man 
might be killed with the shock, but that it might throw him into 
a position, say in front of a train of loaded trams, where he might 
meet with a severe accident. He might get, even from a com- 
paratively low voltage, a very severe shock, with his wet boots, 
wet socks and hands, in a wet mine. He knew an instance in 
South Wales in which a man received an extremely severe shock 
from a voltage of only 160. As to the gearing, the whole thing 
appeared to him to lead to low voltage, which would enable them 
to go at a low speed. Everyone knew that the gearing was 
one of the difficult points that electrical erfgineers had to deal 
with, and for that reason, and also on account of the danger of 
shocks, he strongly advised that the motor should be made as 
large as possible and with a low voltage. Though the copper 
in the cables would be larger, the interest on the money spent 
on it would be more than made up by the decreased cost of main- 
tenance. 

Mr. ReainaLp Botton said that Professor Lupton had classified 
the mines of this country into the fiery and the non-fiery. From 
a coal-miner’s point of view that was all right, but Mr. Bolton 
ventured to divide the subject into two larger heads—soft-rock 
and hard-rock mining. Coal-mining came under the former 
head, and from the hard miner’s point of view it was a com- 
paratively simple affair. Those who had had to deal, for 
example, with the tin cable of Cornwall would know what he 
meant by hard-rock; and such materials required special con- 
sideration. He had ventured to give a few diagrams with 
reference to the question of percussive rock-drills in order to 
illustrate the particular duties required of them under the 
conditions which he had mentioned. He would not at that late 
period in the discussion enter into a detailed description of each 
particular machine, but the diagrams would show the main features 
of the rise and progress of percussive rock-drilling, from the ancient 
production of Samuel Miller in 1806, taken from the drawings 
accompanying his specification, which constituted the earliest 
form of percussive drill of which he could find any mention, up 
to those machines now in use throughout the world in all kinds 
of hard mining. The rock-drill referred to in the Paper was 
essentially what was described as a hand power-drill, and from the 
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point of view of mining for metals, it was nothing but a toy. Mr. Bolto 
There was no possibility under such conditions as he had described 
of using a rotary motion in the heading of a mine or in driving 
hard tunnels. The Ingersoll machine, to which the motor had 
been shown attached, and which had been exhibited in the room, 
would, he imagined, bore at the utmost about 2 inches per minute, 
with a hole 14 inch diameter. The duties of a rock-drill should 
amount to at least 10 inches per minute, with a hole 1? inch in 
diameter, tapering to 1} inch at the bottom. That was an amount 
of work with which the machine mentioned in the Paper would not 
be able to cope. Butthere was a form of electrical rock-drill which 
had notebeen described and which possessed great merit, namely, 
the direct percussive electrical rock-drill, modelled upon the lines 
of the drills driven by steam and air of which examples had been 
given. ‘T'here were no doubt a number of ingenious inventors at 
work upon the subject, particularly in the United States, and he 
knew at least four machines which were now being experimented 
with in America, only one of which had been mentioned in the 
discussion, that of Mr. Van Depoele. So long ago as 1880, his 
friend, Mr. Charles Ball, of New York, invented a percussive rock- 
drill, the principle of which he believed was being employed in 
other drills at the present time. It consisted of two solenoids, in 
which there was a loose soft-iron bar on a piston as it would be 
in the steam-drill, caused to vibrate by the action of a current 
which was inade to pass through each solenoid alternately by a 
tappet arrangement outside the drill, which no doubt would cause 
sparking, and would be liable to considerable damage under the 
rough conditions dn which the machine had to work. The 
arrangement would never, he imagined, be successful in that 
form. But there was a machine called the Marvin electric rock- 
drill, which seemed to have got over many of the difficulties. The 
solenoids in that case were operated by alternating pulsations of 
current directly produced by a dynaino, which had a special 
attachment upon the commutator. There was no make-and-break 
contact whatever upon the drill. The solenoids were enclosed in 
a casing of boiler-tubing, and mounted on a tripod in the ordinary 
way. That machine up to the present time had managed to achieve 
the remarkable record of boring 2 inches per minute with a hole 
2 inches in diameter, which was not a serious performance for 
underground work. He was afraid that the principle adopted in 
the model of the flying insect which had been described, would 
not be serviceable for such a purpose, and would probably be as 
much a failure as would be an attempt to make a serious steam- 
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Me Bolton. engine work upon the same principle. The blow given by a 
; drill on a hard rock was very heavy in comparison with the 
size of the instrument. A 3-inch drill, weighing with its tripod 
at the utmost 300 Ibs. might possibly hit a blow of upwards 
uf 900 Ibs., taking it in a vertical direction and obtaining the 
full benefit of the momentum of the piston running at a speed 
of perhaps five hundred strokes per minute. He knew of no 
exhaustive experiments to determine the exact force of the blow of 
a rock-drill. Mverything in mining went by the ultimate result, 
namely, the amount of speed at which they could drive a heading, 
which in this country was not so great as in the United States. 
Ife would only refer to one instance of rapid driving in ‘America 
as showing what electrical drilling would have to compete 
with. There was a tunnel being made in hard red granite 8 feet 
high by 16 feet wide, and two Ingersoll-Sergeant 3-inch rock- 
drills were used. The heading was driven 98} feet in one week, 
us certified by the engineer of the railway. That was a remarkable 
performance, and, as far as he knew, the most rapid on record. 
‘he experience of a number of speakers had been cited in favour 
of electrical machinery as against the use of compressed air, and 
he did not hesitate to say that he was to some extent a convert. 
Dut all experience did not go in the same way, and there were 
cases in which electrical machinery had been put in operation 
mm extensive mines and afterwards withdrawn. He might instance 
that of the Girard Coal Company in Girard, Illinois, where a com- 
plete electrical plant had been put in and afterwards pulled out. 
‘The circumstances were not actually before him, but he believed 
they went to show that great consideration was required before a 
complete plant of electrical machinery was adopted. He ventured 
to think that with all hard-rock mining the crux of the whole 
question was the use of a percussive rock-drill. When that was 
attained, electrical machinery would be largely used in hard 
nuning; but it was of no use whatever to put down electrical 
plant for the purpose of hoisting, pumping, etc., if at the far end 
of the adit or heading they were obliged to use compressed air to 
drive the drills. There was also another point, namely, that at 
the end of the headings, which were in many cases extremely 
confined, a supply of air was absolutely necessary. One speaker 
had mentioned that it would still be necessary to convey air to the 
extreme end of the heading. That was an undoubted fact, and 
it would obtain equally with electrical machinery and with 
rock-drills operated by compressed air. He did not think that 
the unfortunate air-compressor had altogether had a fair chance in 
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the discussion. He thought he might fairly say that quite 99 por Mr. Bolton, 
cent. of the air-compressors he had seen—and he had seen a great 
inany—had been operated by steam-engines of the crudest and 
simplest character, and in many cases of very inferior workman- 
ship. One speaker had said that anybody could put an air- 
compressor together. So they could, but the machines so made 
were brought forward as showing what compressed air could do, 
and they were told that no better economy could be got out of 
them in the end than 26 per cent. With bad engines and with 
faulty systems of compressing air, with restricted pipes, and with 
a poor motor at the far end, nothing better could be expected. 
With elactrical machinery, on the other hand, they had the latest 
systems; the engine was applied to drive the dynamo directly, 
and they had certajnly in the motor a machine of a very high 
efficiency. But he thought that air-compressors might possibly in 
future be made of a better type and have better engines supplied 
to them. Ife had laid on the table a paper which had reached 
him only that day from the United States, showing a large 
compressed-air plant put down with compound condensing Corliss 
engines of the finest type, and he ventured to think that the 
results of those engines would be very high indeed. He had also 
a record of an air-compressor of the direct type, in which the 
total loss by friction was only 5 per cent. That showed that 
a good deal might be done in the direction of simplifying the 
machine. With reference to the percussive electrical drill, he had 
seen a printed statement to the effect that it would cut about 
8 feet per hour in granite, and it required about 5 HP. Those 
were items which should be borne in mind in comparing its 
performance with that of other drills. 

Prof. Henry Rowixson wished to refer to the Authors’ state- Profess 
ment with regard to the advocacy of a particular system. He oe 
thought it was desirable to avoid advocating in that room. They 
ought as far as possible to confine themselves to facts and not 
push home their opinions or predilections too far. He agreed 
with Mr. Bolton in the main in his observations concerning coi- 
pressed air, but when he stated that an electrical installation had 
been taken out of a coal mine it was important to know the reason 
why it had failed. It was impossiblé to judge without that infor- 
mation, and the bare statement might prejudice a system which was 
now coming into vogue. ‘I'he Paper referred to the advocates of 
compressed air as not having recorded the results of experience in 
the same way as the Authors had with regard to the system which 
they were certainly pushing forward with a great deal of advocacy. 
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‘Professor It was true that there were no good recent observations concerning 
‘Robinson. compressed air, but in the absence of such data, he thought 
it was undesirable to bring forward the results of experiments 
made in 1874. He agreed with Mr. Bolton that many of the 
compressors in use at that time had become quite obsolete ; or, 
if they were still at work, they ought to be broken up. He 
had carried out works for compressed air at Birmingham on a 
somewhat large scale, and some experiments were made last year 
with a view of ascertaining as nearly as possible the efficiency of 
the system. ‘There were thirty-four motors worked by compressed 
air at 45 Ibs. above atmospheric pressure, and it was found that 
the average efficiency of them was 42°66. When hegsaid the 
average efficiency, he wished it to be understood that the fittings 
of some of the motors were very imperfect, so that the results 
were lower on that account. It was only right tosay that in some 
cases the air, besides being used expansively, was heated before 
utilization, which was, of course, an important feature. In many 
instances, however, waste heat was employed, so that it did not 
cost the manufacturer anything. But taking the bad with the 
good, the average efficiency was 42°66. Within a short time after 
those observations were made the most defective motors were 
altered, and the working parts modified so as to give better results ; 
and, as far as he had been able to ascertain, the average efficiency 
had been raised to 45 per cent. In another case a 40-horse engine, 
worked by compressed air, was experimented on very carefully, 
and the air was heated to 280°, and the efficiency in that case was 
found to be 73 per cent. Those figures might be taken as 
accurate, and he thought that they should be recorded. When 
he heard of the average efficiency of compressed air being as low 
as 20 or 25 per cent., he felt that those who were not familiar with 
the subject might receive an erroneous impression. For example, 
in the Birmingham works at the central station installation, in one 
corner of the site there was a small 200-HP. engine, which was 
used during the laying of the mains for testing, and in another 
part there were three triple-expansion high-speed engines of 
1,000 HP. each. If diagrams were taken from the old type, no 
doubt they would show a very low efficiency, but it would not 
be right to take the average ‘efficiency of the old, badly constructed 
200-HP. engine, and the good modern engines as a fair repre- 
sentation of what compressed air would do. Nobody would now 
put down such an old-fashioned type of compressor. Many of 
the most important parts had been modified materially, so as to 
give much better results. It was, therefore, desirable to avoid 
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coming to the conclusion arrived at by the Authors, and he proteser 
thought that the tables they had given were rather hard wpon *™™ 
compressed air. He would only say one word upon the other 
form of energy, in which he was equally interested, for he hap- 
pened to be carrying out works for the utilization of electrical 
energy for motive purposes, and was therefore not an advocate of 
either one or the other. At the present time the St. Pancras 
Vestry were carrying out a large installation, and next month 
there would be an exhibition of electrical apparatus in St. Pan- 
cras Hall on a large scale, which would probably afford a good 
deal of information on the subject to those who were desirous 
of obtaining it. He had had to do with the application of 
various forins of power for labour-saving appliances underground. 
He had examined collieries under different conditions, and was 
quite certain that he would never advise the introduction of a 
motor on a system which would increase the risks in fiery seams. 
Any one who had had to do with collieries, and knew the reck- 
lessness of the ordinary miner, would hesitate to increase tho 
dangers which already existed. Je desired in conclusion to 
express his great pleasure at seeing the Authors present, and at 
finding, so soon after the distinguished course they had pursued 
at King’s College, they had made a mark in life. 

In answer to Mr. Ll. B. Atkinson, Professor Robinson said the 
73 per cent. meant the total efticiency from the engine to the 
motor, including the waste in the motor. Both the brake and the 
indicated ITP. had to be taken into account at the same time. 

Mr. T. E. Canpier remarked that he had been brought up among Mr. Can 
fiery seams in the north, and had since had a great deal of experi- 
ence in mines in various parts of the world. He was afraid the 
discussion had been to a great extent between the advocates of 
compressed air and of electricity. The Authors had chosen for the 
application of electricity the most difficult machine, from a miner’s 
point of view, which they could possibly have selected, and he 
was inclined to agree with Mr. Bainbridge that it was not an 
effective one for coal-cutting. Mr. Bainbridge had brought for- 
ward one which Mr. Candler had seen doing very good work ; 
but it was not desirable that a machine in which sparking oc- 
curred should be introduced into a mine where there was gas, 
whether the sparking would light it or not. Until that point 
had been definitely settled by experiment, neither Her Majesty’s 
Inspectors of Mines, nor any colliery managers, would be right 
in allowing it to be used. The method of bottling up the spark 
was another thing that no mining engineer should agree to, because 
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there would always be a danger of something happening to it. It 
had been remarked that if the ventilation was not sufficiently good 
to make the coal mine safe, it should be made so; but the speaker 
had evidently no idea as to the way in which fire-damp was 
found in a coal mine. At one moment the workings might be 
perfectly safe, and at the next, through some atmospheric change, 
or some big fall in a goaf, large volumes of gas might be sent 
temporarily into them. That was one reason why the safety-lamp 
was so useful, hecause it showed when the danger existed, and they 
could take steps to drive the fire-damp away as quickly as pos- 
sible. One great benefit derived from the use of compressed air 
for driving rock-drills was the assistance which it afforded to the 
ventilation. It had been largely employed in metalliferous mines, 
in driving adits or tunnels, where, if electricity had been used, 
they would have had to adopt some expensive mode of renewing 
the air. One speaker had quoted some very low figures as to air- 
compressors. Mr. Candler had been told by the best authorities in 
tho United States that the efficiency was always between 40 and 
50 per cent., and that it was impossible to put the average below 
4) per cent. for ordinary air-compressing machines. In the north 
of England he had tested a good many, and during the last six or 
eight years they always attained from 40 to 43 per cent. The use 
of electricity in mining would be valuable chiefly where the water 
or other motive power was a long distance away. In various 
parts of the world there were minerals of great value, where there 
was no other power that could be brought to bear to work the 
machinery required. An illustration had been given by Mr. John 
‘Taylor, in which the mine was several hundred feet above where 
the water-power was. That was a case in which transmission 
could only be effected by electricity. In some parts of the 
world he had seen power taken a distance of 2 miles by wire- 
ropes. He should think the efficiency must have been extremely 
small. In other places he had seen it conveyed by water through 
pipes for a very long distance. He was not able to state the exact 
loss in friction and from the contortions of the main. Another 
case in which he thought electrical power might be tried, was 
that of a mine where there were forests a long way off, over 
inaccessible mountains, and no fuel was to be obtained in the 
neighbourhood. If the forest could be cut down cheaply plant 
might be laid down, and the power carried along wires as 
had been suggested. He had seen electricity used with great 
effect for pumping in old abandoned mines in order to test them. 
It was possible to go to places very difficult of access with a 
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portable electrical pump and a small quantity of wire. Those Mr. Candle 
were cases in which the Authors might render great assistance 

to mining operations by the application of electricity; but as far 

as coal-cutting machinery was concerned, ho was afraid that it 

would not at present, at any rate, be very useful. 

Mr. Freperick Hurp thought the question of danger had been Mr. Hur 
very much overrated. He spoke from practical experience. It 
was no uncommon thing for him to spend a sixteen-hours’ shift 
in a mine day after day. He had seen machines at work and 
giving off sparks that would amaze some persons, in places 
where they had been most particularly requested to be careful, 
and he was quite sure that it was not possible for these sparks 
to cause explosions in the way referred to. In the north of 
England, in Cardiff, and all over the country such machinos 
were used; also in France, Belgium, Austria, Hungary, America, 
New Zealand, India and Chine. in places where large volumes 
of gas were supposed to be constantly given off. It was im- 
possible for the cutters to come in contact with the grit and 
pyrites in the coal without giving off some sparks, and there 
was more danger to be anticipated from the cutter than from the 
dynamo. It had been stated that electrical machinery for coal- 
cutting was entircly ont of the question. He could only say that 
there were now scores of collieries which had been working at a 
loss, and had never paid a dividend until they adopted coal-cutting 
machinery. He had known instances in which air-compressing 
plant had been put down, a single machine costing £700 or £800, 
and after eighteen months’ use £7,000 was expended upon an 
air-compressor. If any one wanted to get information as to what 
they were doing in the way of cutting coal, the reply would he: 
“Tt isan experiment. Try it for yourselves; we have nothing to 
say.” His firm had taken contracts for 1s. 6d. a ton, finding the 
inachinery, keeping it in order and providing the men, and they 
had received large royalties. They had often had notice that 
the mine-owners would be glad to close the contract and purchase 
the machinery, but they held them to their bargain, and told them, 
“We have contracted for three years, and if you want the machinery 
you must buy it,” adding three years’ royalty and profits. In 
some cases that had been done. He'thought that in the appliance 
described by the Authors there was more than a germ of success. . 
It had had a remarkable beginning; it was not a mere theory, 
for it had been put in practice for four years, and it could not be 
denied that the work had been successfully accomplished. It 
was the mining engineers who would evidently be benefited by 
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it; but at present they did not seem to care to encourage it. 
They said, “If we give a man a pick and lamp it matters very 
little whether you see him or not, but if we get your ma- 
chinery it means three or four nights a week going down to 
see what is being done.” There could be no doubt that electrical 
plant had its advantages, if only for the handy way in which a 
small wire could be used to transmit power. Reference had been 
made to what might be accomplished with compressed air, but 
even if they could get cent. per cent. the advantages obtained 
would not compare with the facilities that would be procured 
by the introduction of wire. The large pipes necessary to convey 
compressed air were a source of great expense; and they, were at 
the mercy of any one who wished to play them a trick. A man 
would be very careful before he interfered, with a wire, and 
that} was a point in favour of electricity. In a large colliery 
where 1,400 or 1,500 tons a day were brought up by the use 
of machines, it would be found that the difference occasioned 
by the portability of the wire was very great. Formerly there 
was no way of ventilating except by the old system of bratticing, 
which was very costly. But in driving a heading by com- 
pressed air it was found that all the bratticing was unnecessary, 
and that the exhanst from the machine ventilated far better and 
more safely than any other way. It had been said that in cases of 
that kind compressed air would be needed. He quite admitted it, 
and it was very proper that Government should step in and compel 
them to use it; but there was a great difference between employ- 
ing it for motive power and for ventilation. He ventured to say 
that with a 2-inch pipe the largest colliery in Great Britain could 
be ventilated thoroughly, and with a better result than at the 
present time. Every corner of the mine could be utilized and 
made safe, and machinery used for hauling, pumping, driving a 
heading, or cutting coal, in straight work, pillar and stall work, 
Jung-wall work, or any work they liked. The weight of the 
machine had been objected to, and it had been said it was 
important that it should be portable. If they wanted good work 
to be done, they must have something heavy behind it. One 
speaker had complained that the machine shifted about, from 
the vibration caused by working. If the weight were greater this 
would be prevented. Many thousands of pounds had been wasted 
by colliery engineers and managers over light machinery. ‘They 
had made their machines from 4 cwts. to 1} ton, and they found 
that they had greater cuntrol over them, and could move them 
about with as much facility as those of less weight. The 


Proceedings.) DISCUSSION ON ELECTRIC MINING-MACHINERY. 159 
6 


result was that they had never had any break-downs, the Mr. Hurd. 
machines always standing to their work. They required no fixing 

to the sides or the roof. The wheels were all coupled together by 
connecting-rods, like double bogie-engines. They could easily be 

moved forward, but would not move backwards when cutting 
operations were commenced. 

Mr. E. R. Dotny remarked that various speakers had alluded to Mr. Dolby. 
the danger of sparking in fiery mines, and Mr. Crompton had stated 
that he thought the risk from the sparks produced by pick-axes 
was almost as great as that from the sparks on the commutator of a 
motor. After the disastrous explosion at St. Htienne, in France, 
a sub-commission was appointed consisting of three well-known 
ventlemer§ Messrs. Mallard, Le Chatelier and Chesneau. They had 
prepared fire-damp, pure C,H,, and let it into a wooden box from 
a Bunsen burner. In that way they had produced a mixture of 
different percentages of fire-damp aud air. They then placed pieces 
of sandstone and porphyry near the box, and struck them with 
pick-axes in such a way as to cause sparks to fall into the box. 
The mixtures were made so that a naked lightignited them. They 
found that a mixture of ordinary illuminating gas and air could be 
ignited by sparks so produced. They then proceeded to experiment 
upon the fire-damp mixed with air, and they found that it could 
not in any case be ignited with the sparks. The pick-axes were 
made of mild steel with removable points, such as were usod at 
St. Etienne, and also of iron such as were employed at the Anzin 
mines. Besides these they tried picks of steel with 13 per cent. of 
manganese, and also of aluminium bronze with 2 per cent. 
of silicon, The aluminium bronze picks produced no sparks, 
and in the whole series of experiments they never succeeded 
in igniting any mixture of fire-damp and air. That, he 
thought, was exceedingly satisfactory. It had been said that the 
sparks produced on the commutator never caused an explosion, 
and he thought it was clear from the experiments he had mentioned 
that sparks from pick-axes would not do so.! 

Mr. Howarp D. Pearsatt said it had been confidently asserted Mr. Pears: 
in the discussion that the efficiency of electrical transmission 
was high, and that of transmission by compressed air was low. 
The cost of the latter had also been agserted to be much greater. 
Both those statements required considerable modification. With 
reference to the cost of an electrical installation, he would only 
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Mr. Pearsall. remark that the Authors’ estimate was based entirely on the. 
asserted high efficiency of the transmission; so that unless that 
claim was maintained the estimate also fell. With regard to 
compressed air the Authors’ estimate for pipes was only correct 
for a small plant with low efficiency, and was very much beyond 
the mark when the efficiency was as high as he should presently 
speak of. The best result in electrical transmission which had 
been laid before the Institution was that given by the Authors in 
Table II, but it could hardly be said to be substantiated by the 
‘“ precise particulars” which according to the Authors were so 
amply furnished for electrical transmissions. There was nothing 
whatever in the Paper to indicate how those figures were arrived 
at; and from the way in which they were printed sille by side 
with an estimate of uir-transmission they also might be merely 
an estimate, and not the definite results of'an actual trial. Still 
less was it asserted that they were the average of a long continued 
serics of trials; indeed the Authors’ own Table I threw doubt upon 
their Table II. There the ratio between the indicated efficiency 
at the pumps and the brake HI’. of the prime mover was given as 
67 per cent. at the highest, and 51 per cent. at the lowest, taking 
tho three efficiencies of the dynamo, cable,and motor. But besides 
this, 15 per cent. had to be deducted from those figures for the 
difference between indicated and brake HP. of the prime mover. 
According to Table I, therefore, the actual efficiency of the plant 
never exceeded 50 per cent., and was sometimes only 36 per cent. 
That was for a transmission of 2 miles; at 4 iniles, 32 per cent. 
would, according to the same table, be the maximum. This efficiency 
was that of the generating and transmission plant alone, without 
taking into account the further loss in the pumping machinery. 
Similarly, another statement, which was made with great emphasis 
by Mr. ‘Taylor, did not, after all, show such a high result when 
cortain other items were taken into account. Mr. Taylor had 
given them information only with regard to the efficiency of 
transmission, which he stated was 85 per cent. But that was not 
the efficiency of the plant, but solely that of the conductor, and 
meant that 15 per cent. of the power was lost in only 2 miles of 
cable. ‘The loss in transmission in Paris by compressed air through 
3 miles of pipe was stated, on the authority of an independent 
report of Professor Kennedy, to be only 2 per cent. With a loss of 
15 per cent. in the cables, the total efficiency of the plant described 
by Mr. Taylor could not have been more than 45 per cent., and in 
all probability did not average 35 per cent. of the gross power of 
the waterfall. Besides that he believed nothing had been said about 
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the great falling off of efficiency, which was known to occur when- Mr. Pe. 
ever the dynamo ran at any other than its best speed. The un- 
suitability of the plant for driving some kinds of machinery had 
been strikingly shown by the Authors’ figures for pumping by 
electricity, where they indicated, in one case, a net efficiency of 
only 10 per cent. He thought it was no exaggeration to say that 
the worst results with compressed air could be paralleled by similar 
ones with electricity. But in designing pumping plant an engineer 
‘would not assume a consumption of 10 lbs. of coal per horse-power 
per hour, merely because there were bad engines in existence 
which required that quantity. He maintained that it was just 
as unreaspnable to assume an efficiency of 25 per cent. or 30 per 
cent. in contemplating an installation for distribution of power 
because there were fpultily designed plants which gave no more 
than that. The Paris installation was most carefully tested 
by Professor Kennedy, who found an efficiency of 40 per cent., 
but at the same time expressly stated that the arrangements were 
palpably imperfect. The greatest fault was that the air was not 
properly cooled during compression, and the loss from that cause 
alone was nearly 40 per cent. Actual experience had proved 
again and again that sufficient cooling could be applied to the 
cylinder to reduce that loss to at most 25 per cent. Making this 
correction, the efficiency of the Paris installation would be 50 per 
cent., and that was the least that any competent engineer should 
expect to get at present. But in many places the original motive 
agent used was water-power. In such cases 50 per cent. was by 
no means the limit of what could certainly be done. There were 
two reasons for this, the extreme simplicity of the machinery and 
the fact that they had a practically unlimited cooling agent at their 
disposal, and that by properly applying it almost the whole of the 
40 per cent. loss, which occurred when the air was not cooled, was 
avoided. The machinery he referred to was that in which the airy 
was compressed directly by the water. In air-compressors driven 
by steam-engines it was usual to employ a quantity of water for 
cooling equal to about two-thirds of the weight of the air compressed, 
but in the machines to which he referred he had succeeded in using 
for cooling a quantity of water a thousand times the weight of the 
air, and moreover, it was employed in the most efficient manner, the 
cooling surface being distributed throughout the air to any desired 
extent. He had compressed air in that way without being able 
to detect any rise of temperature at all. In the Paris installation 
the efficiency of the prime mover was 84:5 per cent., and that 
of the compression was 61 per cent. The product of these was 
(THE INST. CE. VOL. cLV.] M 
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51:5 per cent., and the actual net efficiency of the whole plant was 
that ratio multiplied by the efficiency of transmission and that 
of the secondary motors. In compressing air by water-power on 
the principle to which he referred he had obtained an efficiency of 
85 per cent., and if that was multiplied as before by the efficiency 
of transmission and of the secondary motors, the net efficiency to 
be realized at a distance of 3 miles was 67 per cent. On con- 
sideration of facts which were already well known, it would be 
seen that this result was in fact only what was to be expected. 
Those facts were (1) That 40 per cent. efficiency could be and was 
attained even with no cooling, as in Paris; (2) That the absence 
of cooling caused a loss of 40 per cent. of the gross power ; (3) That 
a quantity of cold water, a thousand times the weight of the air, 
could be used so as to produce a nearly perfect cooling. Hence 40 
per cent. waste was saved. If they could eliminate, in the case of 
the Paris installation, the loss from the heating of the air, all the 
other losses would amount to only 33°33 per cent., leaving 66:66 
per cent. net efficiency. He had succeeded in eliminating that 
loss almost entirely when the motive agent was water-power, used 
in the way he had indicated ; hence they might expectian efficiency 
of at least 66 per cent. in such a system, without taking into account 
what was due to the greater simplicity of the machinery. Tiven 
that was not the limit of what was possible. Directly the difficulty 
from hoating was removed, they could use much higher pres- 
sures, and so obtain a great economy in the mains. The efficiency 
of the secondary motors could also be largely increased by making 
due use of the special facilities which the system he had per- 
fected gave. He would not go into details, as it was too large a 
subject. It was sufficient to say that the principle had been actually 
carried out, and was no longer only a theory. Compression of air, 

with an efficiency of 85 per ne was an accomplished fact which 
could be seen any day, and he thought it could not be denied that 
what he had ventured to call the natural and necessary consequence 
of that fact was a net efticiency of transmission, at any distance, 
superior to that attainable by any other known method. 

Mr. A. P. Trorrer remarked that his only excuse for speaking 
was that the first two of the machines in question were among the 
last which he had made before withdrawing from his manufacturing 
business, and he was pleased to see that the principle on which the 
Authors started—that of the rotary cutter geared to the motor— 
had been adhered to. The development of the invention had 
consisted in the elaboration of the details, and if the Authors 
had tried first one coal-cutter and then another, they would 
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probably not have achieved the results they had already accom- Mr. Trot 
plished. Many arguments had been put forward against the use 
of the machines in coal mines, but the only experiments which 
had been adduced (besides those that had just been mentioned, and 
which were not electrical) were those of Mr. Snell, and he did not 
succeed in igniting a mixture of coal-gas and air by means of 
sparks from a machine, until the commutator got seriously hot. 
With the large armatures used in the motors for the purpose of 
keeping them cool, it was obvious that the temperature of the 
commutators need never be allowed to rise to such an extent. Mr. 
Snell had mentioned carbon brushes. Mr. Trotter would have 
been glad to have more information about them, because his ex- 
perience was that they heated more than any other form of brush 
that had been tried. But where the only reason for the ignition 
of a mixture of air and gas was the fact that the commutator 
got hot, it seemed that carbon brushes would not be suitable. 
Those who had spoken of fire-damp igniting at the machine 
appeared to have lost sight of the fact “that with the carefully- 
protected cases used in the motors, the fire-damp could not sud- 
denly produce an explosive mixture. It must leak in by degrees, 
and, as the Authors had stated—though this had evidently escaped 
the attention of Professor Forbes and others—before it could 
become an explosive mixture, the gas would burn, if it could be 
ignited at all by the spark, in the same way as in a miner’s lamp. 
When the fire-damp got into the lamp it did not suddenly become 
an explosive mixture; it gave warning, and when the miners 
retired, they need not let the coal-cutting machine continue to run ; 
the current might be cut off at the spot, or when they came 
back to the main switch. It was rather disappointing that the 
discussion which directly challenged air-compressing engineers, 
had not brought out a few more figures. He had hoped that 
at Birmingham they had attained something better than 44 per 
cent. It was difficult to know, with regard to the Paris instal- 
lation, how to distinguish between what they were doing and 
what they might do. At all events, the 44 per cent. or even 50 per 
cent., was an enormous encouragement to electrical engineers, for 
there were few cases in which they need go as low as that. The 
loss by transmission in cables might ba put at 10 per cent. or 20 per 
cent., leaving an ample margin for losses in dynamos and motors. 
Evidently air must do a great deal more than it had yet done 
if it was to compete with transmission by electricity in mines 
or elsewhere. It was remarkable that the only speaker who 
had really upheld the Paper, was connected with air-compressing 
M 2 
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machinery himself, and knew the difficulties of both systems. One 
interesting feature of the Paper was the application of electricity 
to mechanical engineering. They had all seen what terrible 
blunders had been made in tramway work by persons who knew 
something of motors and very little of tramways. The inventors 
of these machines had, after learning electrical engineering, studied 
the details of the art of coal-cutting, and adapted their motors 
to it. The only criticisms that had been made from a mechanical 
point of view, had been upon the Ingersoll drill. Not a single 
word had been said as to the electrical driving. It had been 
stated in the discussion that the wheel-cutting machine was better 
than the bar-cutter; but the amount bared with the bar-cutter 
was, if anything, rather more than with the wheel. He’ believed 
that the first machine, which used to tear both itself and the 
coal-face to pieces, and to throw itself off the rails, and hang 
on by the cutter-bar, travelled at the rate of about a yard a 
minute. The Authors had not mentioned one rather important 
point, namely, how many men would be required to do the same 
amount of work as one of the cutter-bars. The Authors had 
stated that they were going to try a reciprocating machine. 
That was one of the most difficult problems that an electrical 
engineer could have to deal with. To produce anything on the 
reciprocating principle larger than the electric bell, and make it 
work with fair economy, seemed exceedingly difficult. 

Mr. H. W. Ravensuaw observed that series-wound motors were 
always used for high voltage because they required compara- 
tively few turns on the magnets, whereas shunt-windings for 
high voltage required a large number of turns, and there was a 
great liability to failure of the insulation if the shunt-circuit 
was broken. The only difficulty with a series-wound motor was, 
that when working on a constant-potential circuit, if the load 
was taken off the machine was liable to run away at a very high 
speed. He had been working on the subject for some time, and 
had found that by using iron or steel having a great amount of 
hysteresis, t.c. retaining the magnetism induced in it, he could 
make a motor which would not race. Employing Dr. Hopkinson’s 
curve for hard mild steel, he came to the conclusion that, in the 
case of a machine he was bwilding, which was intended to run at 
600 revolutions, if he used soft iron magnets it would make on 
open circuit about 2,400 revolutions per minute, which would 
mean the destruction of something in connection with it. With 
mild-steel magnets, the maximum speed would be only 1,800 revo- 
lutions, a reduction of 25 per cent. But, by employing an automatic 
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switch so arranged that when working at full load the two halves Mr. Rav: 
of the magnets would be connected in parallel circuit, and when °!*”: 
below half load they would be connected in series, he found that 

with steel magnets the maximum difference would be from 

600 revolutions at full load to 780 revolutions with light load. 

That would be an allowable variation in any case where great 
regularity was not required, and between full-load and quarter- 

load the speed would not exceed 680 revolutions per minute. 

Mr. C. W. ATkINson in reply, said that several speakers had Mr. C.' 
referred to the question of the relative merits of cutter-bars and “t's 
cutter-disks. Their remarks, he thought, had chiefly arisen from a 
misconception of the method of working the particular cutter-bar 
referred to in the Paper. Mr. Bainbridge had drawn attention to 
the fact that in the disk machine the cutter was made to revolve 
outwards and split the coal off along the line of least resistance, 
and consequently nearly the whole baring was done by splitting 
and not by cutting. When the Authors began coal-cutting they 
used the Blackburn cutter-bar (Fig. 18), with which it was in- 
tended to cut the whole of the coal. ‘The cutters on the stars 
were arranged one after the other so as to bare the whole surface. 
They soon came to the conclusion that it was a wrong method, 
and that it was better to imitate as far as possible the action of 
the common miner’s pick, and that was what they had endeavoured 
to do in the cutter-bars they had designed. Instead of placing 
six cutters on one star-shaped holder, they now placed them one 
after another so as to form a single-threaded screw with a pitch of 
1 inch. The consequence was that each one cut a narrow groove 
about + inch in depth, and the edge split the coal off into the 
next, so that nearly the whole baring was done by splitting and 
not by cutting. The result had been to reduce the power re- 
quired by at least one-half, and to produce much less fine dust, 
and in every way to improve the nature of the cutting. Other 
questions involved the nature of the particular situation. Disk- 
cutters might be employed where the roof was very strong, and 
where there was little danger from jamming, but in most cases 
there was this risk, and consequently the bar-cutter was more 
generally useful. He thought that the greater part of the criti- 
cisms had arisen from a misunderstanding of the nature of the 
bar. Several speakers had stated that the wear and tear of the 
compressed-air machines was much less than that of electric 
motors. He did not think that was the case. The whole machine 
shown in the diagrams was completely enclosed in dirt-tight cases, 
the gearing itself running in oil, the only revolving part visible 
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being the cutter-bar, and that formed a dirt-tight joint at the 
gear-box cover, so that after many months’ running, when the 
lid was taken off, the oil was perfectly clean. The consequence 
was that whereas in air-machinery they considered it a fairly 
good record if a pair of brasses wore two or three months, the 
wear of the brasses in the electric machines was so small that 
after some months it was hardly perceptible. Ile thought, there- 
fore, that the mechanical wear was less in the electrical than in 
the compressed-air coal-cutting machine. In reference to elec- 
trical wear they had never found any difficulty. The armatures 
were very strongly constructed, the repair required was only on 
the commutator, and in their experience that had been extremely 
small. Several machines had been running for years without 
requiring anything more than an occasionak turning up of the 
commutator. 

Mr. Lr. B. Arkinson said that exception had been taken to 
the Authors having used the results of figures published origi- 
nally in 1874; but it would appear from the remarks of Pro- 
fessor Lupton, that the only improvement he was able to record 
since that date was one of 25 per cent., and he appeared to have 
fallen into the error of believing that he could add this to the 31 per 
cent. efficiency, making it up to 56 per cent. It was, however, only 
25 per cent. of 31, or about 6 per cent. more. rofessor Robinson 
had referred to the experiments at Birmingham, but he did not 
say whether he took the brake HP. of the gencrating-engine and 
of the motor, or whether he took the indicated ITP. The Authors 
had been careful to state that they took the brake HP. of the 
engine and of the motor, and he hoped that Professor Robinson 
would make it equally clear what figures he had relied upon. It 
had been stated that the Paris figures might be very much im- 
proved. Possibly they might; all that the Authors had ven- 
tured to do was to deal with the figures which had been actually 
obtained, in working with electricity and with compressed air. 
They had given the figures obtained from working tests of the 
motors; the only remaining element being the loss in the cable, 
and that, in the present stage of electrical science, was a 
mere matter of arithmetic, and not a question involving any 
theory. Another important’ point upon which special stress had 
been laid was the question of the safety of electricity in fiery 
coal mines. Professor Lupton and Professor Forbes had contested 
the Authors’ statement, that the arrangement of covers designed 
by them afforded a safe means of employ: ing electricity in mines. 
The Authors had stated that all experiments went to show that 
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there was very little danger of ignition, but that if there was any Mr. L 
the proposed arrangements obviated it. Professor Forbes said “*! 
that the casings looked very nice in the drawings, but as a matter 
of fact would not exclude the gases. Mr. Brain thought if they 
could prove their case and keep the gas out for two hours mining 
engineers would be satisfied. In order to settle that point they 
had one of the boxed-up motors placed inside a large box filled 
with coal-gas, or coal-gas and air. After five hours they drew 
out, by means of a pipe, some of the gas inside the cover sur- 
rounding the armature. This was passed through the eudiometer, 
and they endeavoured to explode it with an electrical spark, but 
were unable to do so either when it was mixed with equal volumes 
of air, or with four volumes of air, or taken as it was from the 
interior. As a check they ascertained by experiment that they 
could explode a mixture as weak as 1 in 14. For the purpose 
of measuring the actual proportion of gas inside the covers, Mr. 
Pitkin had kindly lent them one of his gas-detectors, which were 
very sensitive. The result showed that after five hours, in an 
atmosphere with very much more gas than would be found in 
any coal mine in existence, only 0°5 per cent. of gas could he 
detected in the chamber. He thought that that answered both 
Professor Forbes’ theoretical objection and also the remark of 
Mr. Brain. He might mention that the motor was stationary, 
but that was rather a disadvantage, as it was found that the 
chief leakage was through the bearings. When the motor was 
running the oil was evenly distributed on the bearings, and there 
was no tendency to leakage. Professor Forbes had dwelt at great 
length on the danger of using motors, and afterwards called their 
attention to the Tesla motor. They had heard of that machine 
for two or three years, and it had always been going to take them 
by storm, and do many wonderful things. The last time he 
made inquiries alout it, nearly a year ago, he found that it was 
still unpurchasable even from the manufacturers in America. He 
thought therefore that they ought not to wait until the motors 
had been perfected before attempting to do mining by electricity. 
Professor Forbes had admitted that there was a difficulty about 
starting the Tesla motor, and if so that would be a fatal objection 
to the employment of it for coal‘cutting. Sometimes, after a 
stoppage or a fall of the roof, the cutter-bar became jammed s0 
tightly that a man might pull as hard as he could on a long lever 
placed between the bolts of the coupling and not be able to move 
it. By suddenly switching on a current to a motor that would 
take 25 amperes, with an engine with a heavy fly-wheel, they 
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Mr. LI. B. might get 100 or 150 amperes for a second or two, and that would 
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pull the motor clear almost of any stoppage. The Tesla motor 
was difficult to get to start at all, and could not possibly move the 
machine in a case of that kind. The great advantage of electricity 
in coal-cutting was the enormous power of starting where there 
was a block. It was surprising to see how a machine weighing 
14 ton would lift itself up off the rails at starting if the cutter 
was jammed. The rock-drill shown in Figs. 8, Plate 4, was one 
which the Authors had actually worked, and the difficulties con- 
nected with it were not electrical, but mechanical. The drill was 
not strong enough to stand the continuous wear brought upon it, 
and some of the cams and rods gave out. In reply to the question 
as to what work it had done, he had been informed that it had 
driven six holes, each a yard deep, in three and a half hours. 
That was not a great performance, but it was hore than they had 
been doing by hand in the headings where the drill was put to 
work. <A good deal had been said about direct-acting percussive 
rock-drills, and in the Paper the Authors had indicated that they ° 
were at present working upon such a drill, which they had every 
reason to believe would yield results better than those given. 
They had, however, confined themselves to what they had actually 
done, and had said nothing as to the results anticipated in the 
future. With reference to the question of the relative merits of 
the kar-cutter and the disk-cutter, two or three speakers had 
stated that they believed the latter would do the most work, but 
unfortunately they had given no data and no reason for the sup- 
position. Ile knew that the makers of disk-cutters were very 
particular to choose soft materials to work in, and would not try 
them in hard. The Authors, on the other hand, had considered 
that they ought to cut in what the manager of the pit thought 
was stuff that he could best afford to waste, and the cutters they 
had designed were used in material which disk-cutters would 
probably not work in at all. He believed that Mr. Frederick 
Hurd, who had had a great deal more experience than any one 
present of disk-cutters, looked favourably on the form of cutter 
given in the DPaper, after having considered the relative merits 
of both. Professor Lupton’s argument that they ought not to 
attempt to use electricity in» coal mines, because there was a 
remote possibility of an explosion, might be applied to almost 
every class of machinery. There were boiler explosions and 
railway collisions, and cables were occasionally over-wound with 
serious results; still they did not say that those mechanical 
contrivances ought not to be used because accidents might possibly 
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happen. The proper way of approaching the subject was to inquire 
if the thing was worth doing. Professor Lupton said that it was, 
if the Tables of efficiencies given in the Paper were correct, and he 
did not seriously confute them; Mr. Atkinson therefore concluded 
that it was worth attempting, and the Paper was the record of 
what they had done in that direction. Reference had been made 
to the firing of gas by sparks from a pick-axe or from any steel 
instruments striking against a hard material. Mr. Atkinson had 
recently read in the Colliery Guardian a report of the Prussian 
Fire-Damp Commission, in which he found the following para- 
graph :—‘ Doubts have often been raised against the supposed 
harmlessness of lighting by means of a spark from steel (flint and 
steel), because according to the experiments of Messrs. Vilaine and 
Griot, the sparks thus obtained inflame the lighting gas, and also 
because it appeared as if the steel mill of ancient use, both in 
England and in Belgium, had occasioned explosions of fire-damp. 
At first, the Prussian Commission decided to investigate this 
question, but afterwards renounced it on account of the experi- 
ments of Messrs. Willner and Lehmann at Aix-la-Chapelle, on the 
inflammability of mixtures of fire-damp by incandescent n.etallic 
wires and electric sparks, which proved that even violent sparks 
from rupture of the current accompanied with the explosion of 
fragments of iron in a state of combustion, had no effect on the 
inflammation of fire-damp.”! The results therefore of experiments 
so far had been to prove that the danger had been very much 
over-rated, whilst the system adopted by the Authors practically 
excluded the gas from the point of danger. 


In further reply to the discussion, the Authors intimated that 
they would confine themselves, as far as possible, to the ground 
covered by the Paper, and more particularly to maintain the 
various propositions contained in the summary, under the headings 
of A, B, and ©, and to deal with the criticisms of the particular 
arrangements and apparatus exhibited and described. A con- 
siderable amount of additional matter had been contributed, but 
with this they did not propose to deal. 

The view put forward by the Authors had been supported by 
Mr. Snell, that under normal conditions, a motor would be unlikely 
to ignite gas; but admitted also the advantage of arranging it, so 
that even under abnormal conditions no danger would arise. 
Mr. Snell had also upheld the opinion of the Authors, that the 
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only. His remarks agreed with their own views as to the greatly 
increased efficiency obtained by utilizing electricity instead of 
compressed air for pumping, hauling, &e. 

In the course of his remarks, Professor Lupton had severely criti- 
cised the use of electricity in mines where gas was present, on the 
ground that, unless certain precautions were taken, danger was to be 
anticipated, and therefore advised the use of compressed air, unless 
it could be shown that electricity offered great advantages ; but Pro- 


fessor Lupton would lead his hearers to suppose that this advantage 


did not exist, and that, as the figures given by the Authors in some 
cases related to machinery made and tested a good many,years ago, 
they were no longer to be relied upon, owing to the great improve- 
ments which had been made since. Professor Lupton had suggested 
further, that there should be a competition betweon electrical and 
compressed-air plants transmitting 10 HP. to a distance of 10,000 
yards. Table V, which the Authors had calculated, showed what 
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results might be anticipated from such a trial, taking Professor 
Kennedy's experiments in Paris, and well mithontioated trials of 
dynamos and motors as the basis of the calculations. He omitted 
to give any tables or details of trials, to prove his contention, and 
in the absence of these data, and in the face of the fact, that all 
existing records supported the Authors’ figures, Professor Lupton’s 
suggestion ought not to be entertained. In criticising Table IT, 
Professor Lupton referred to an installation running at the Tra- 
falgar Collieries, in which the distance was the same, and although 
a cable of nineteen wires was used instead of seven, as described 
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in Table II, there was a loss of 20 per cent., whereas in the The Au 
Table, a loss of 10 per cent. only was shown. Professor Lupton"? 
pointed out that the voltage used at the Trafalgar Collieries was 
one-half of that proposed to be used by the Authors, and this 
statement accounted for the whole difference, for by doubling the 
volts, and keeping the size of the conductor unaltered, the loss 
would be reduced to one quarter, so that the cable might be 
halved in size, and the loss still be one-half of that with the 
lower volts. This corresponded with the Table in every respect. 
Professor Lupton stated that a 3-inch pipe would be ample for a 
10 HP. engine working with compressed air; but every maker of 
compres#ed-air machinery to whom the Authors had mentioned 
the point, had selected a 4-inch pipe for the work, when working 
at an ordinary pressure of about 50 Ibs. to the square inch. 
Professor Lupton’s alterations, therefore, to the figures and prices 
were incorrect. He also asked what was the price of the machine, 
compared with that of a compressed-air engine; these costs were 
given in Table II, the price of both electric and compressed-air 
machinery being taken at an average market price. Professor 
Lupton’s remarks as to the apparently contradictory advice given 
by persons whom he had consulted as to the proper voltage to use 
in transmitting power were capable of an easy explanation. Small 
motors of 4 HL. to 1 HI. were difficult to wind for more than 
150 volts; if, therefore, it was desired to run them from mains 
supplying large motors, at say, 300 to 500 volts, it was better 
to work either two or three of them in series, or to insert resist- 
ance, and although by this means the efficiency might be reduced 
by 50 per cent., tyet the useful work obtained was greater 
than would be got from a compressed-air motor of the same size, 
and to which power was being transmitted for an equal distance. 
The question as to the best voltage to use was one which an 
engineer in laying out a plant would carefully consider, in order 
to get the best results; but criticisms concerning the efficiency 
of motors as small as 4 HP. running off transmission systems, 
involving, perhaps, 200 or 300 JIP., were not very vital to the 
question. 

Some interesting data relating to electricity in mines had 
been given by Mr. A. Grothe, but his remarks were rather 
supplementary to the Paper than in discussion of the points 
raised in it. 

The Authors pointed out that the remarks of Mr. Bainbridge, 
who, whilst admitting the economy in power gained by using 
electricity instead of compressed air, stated that, nevertheless, he 


172 DISCUSSION ON ELECTRIC MINING-MACHINERY. [Minutes of 


The Authors’ would prefer to employ the latter, owing to the smaller chance 


‘eply. 


of stoppage or breakdown, were unsupported by results. As 
a matter of fact, the following statement might be given: 
A dynamo, driving the Authors’ coal-cutting machines, was 
used regularly for a period of two years without any repairs or 
breakdown. In the earlier coal-cutting machines made by the 
Authors’ firm, some difficulties were encountered with the failure 
of the armature insulation, but these had been overcome, and 
there was every reason to suppose that the later machines would 
last as long as their other motors, some of which had run daily for 
two and three years, without any breakdown whatever. As to 
the wear and tear of the coal-cutting machines themselver: whereas 
the brasses of compressed-air coal-cutting machines lasted usually 
less than one month, one of the Authors’ machines, removed from 
w pit where it had been working for several months, was examined, 
and it was impossible to detect any shake in the bearings. This 
result was obtained by the use of simple rotary motors, and by the 
entire enclosing in dust-tight cases of every bearing. 


_’ Mr. Bainbridge, in describing a pump which he was putting 


down, had entirely corroborated the statement by the Authors, that 
the cost of electric plant was one-half that of compressed-air plant. 
Mr. Brain had quoted the opinion of Mr. Colquhoun, that in his 
experience the efficiency of compressed-air plant never exceeded 
25 per cent., and further, gave the results of some tests of plants 
of modern construction which showed that 17 or 18 per cent. was 
all that was obtained in practice, thus showing that the Authors 
had erred on the side of moderation in dealing with the efficiency 
of compressed-air plant. : 

The Authors regretted that considerable bias in favour of a 
particular system, and apparently want of practical experience of 
any other, had led Professor Forbes to condemn the arrangements 
described by them in unmeasured terms. He appeared to be under 
the impression that most coal mines were normally filled with an 
explosive mixture, and that the working face was the most 
dangerous place in the mine, whilst, as a matter of fact, it was 
generally a part where the air was purer and more free from gas, 
owing to the thorough ventilation, than in almost any other. 
It was perfectly true that, If the Authors’ motors wero left for, 
say, a week, in an explosive mixture, it would be possible 
to imagine an explosion occurring from their use; at the same 
time, such a condition was not in any way likely to occur, and 
the supposition of the Authors, that an electric motor would not 
be worked continuously in such a mixture for a longer period than 
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two or three hours, was one that allowed an ample margin for The Aut 
every practical case. In reply to the suggestion of Profesdor reply: 
Forbes that the words used in the Paper were intended to produce 
the impression that this machinery had been employed in fiery 
mines, although such had not been the case, the Authors might 
point to a pumping-plant, working with one of these enclosed 
motors, which had been in use in the Murton Colliery of the 
South Hetton Coal Company for seven or eight months, and which 
had been approved both by the mining inspectors and by the 
engineers of the colliery, and which had led to no fires or ex- 
plosions. Professor Forbes had pointed out the danger of using 
electric cables at all; but the experience of all ese owners 
and managers who had tried them had shown that, if they were 
properly put down in the first instance, and had reasonable super- 
vision, difficulties of the kind suggested did not occur in practice. 
With regard to the “Tesla” motor-aulioiieh machines of this 
class undoubtedly had a future before them, the Authors thought 
that no engineer practically acquainted with the requirements 
of coal-cutting machinery would recommend a motor where, with 
the latest improvements, the torque exerted at a standstill is 
considerably less than when running; and although in that motor 
no commutator is used, nevertheless it would be equally desirable 
to enclose the armatures, to prevent sparking in the event ofa 
wire being broken. 

It had been pointed out by Mr. Crompton, in the course of his 
remarks, which were eminently valuable, as being founded on a 
wide practical experience, that the Authors had, in referring to 
the relative efficiencies of electricity and compressed-air plants, 
erred on the side of moderation; and he had further referred, in 
answer to Mr. Bainbridge, to the fact of the decreased cost of 
repairs in electrical transmission. 

In reply to Mr. A. Sopwith’s criticisms, relating mainly to the 
question of the possibility of maintaining a roof along a roadway 
on which the coal-cutting machinery was to be worked, the 
Authors would point out that the fact of using machinery was in 
itself the best means of providing a suitable roof, for when the 
cutting was done by hand, the progress was so slow that the roof 
was weighted on the roadway, whereas, when using machinery, 
where the coal could be cleared within a few hours of the starting 
of the cutting, this weighting on the face was avoided, and much 
less timbering was required. The contention of the Authors as to 
the excessive and over-rated apprehensions which existed as to 
the ignition of explosive gases by electric motors had been borne 
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Walker; but although Mr. Walker, in this respect, was not an 
alarmist, he appeared to be one on the question of volts and of 
shocks. The Authors’ system of enclosed motors, in which every 
electrical part was encased in a metal cover connected with the 
earth, precluded all possibility of receiving a shock whilst working 
in the ordinary way, and therefore the dangers anticipated by Mr. 
Walker were overcome; and although low voltage might, in some 
respects, be desirable in plants transmitting, say, 100 HP., the 
currents to be handled became so large, that very great difficulties 
arose, quite apart from the extra cost of the cable. 

The remarks of Professor H. Robinson called for attention, he 
being the only speaker who endeavoured to support the contention 
that compressed air was as efficient, or more efficient than elec- 
tricity, by any show of figures. But the ‘Authors could only 
assume that the results given as efficiency represented the ratio 
between the indicated HP. of the engine and the indicated HP. of 
the motor, in which case, as bearing on the present discussion, 
they were not comparable with those in the Paper. But if the 
results given by Professor Robinson could be maintained by 
publication of figures or records, this should certainly be done, as 
they were considerably in advance of what the Authors had seen. 

In reply to Mr. Pearsall’s criticisms, the figures in Table II 
were estimated or calculated, and were placed side hy side for the 
purpose of comparison. Tho data on which these figures were 
calculated were as follows :—In the electric transmission, the loss 
in the cables was accurately known, while the efficiency of the 
electric motor had been determined by careful experiments to be 
85 per cent. The brake HD. of the steam-engine was also arrived 
at by a knowledge of the efficiency of the dynamo, gained by 
careful experiments. In the case of compressed air, the efliciencies 
of the compressing plant and of the air motor were taken from 
the figures in Professor Kennedy’s Paper before the British 
Association, on the “Popp” system in Paris, the prices in each 
case being those given by leading makers. The pump in Table IT, 
which Mr. Pearsall criticised as giving a gross efficiency of only 
10 per cent., was a small dip-pump, where the quantity of water, 
compared to the head, was large, and where, owing to the circum- 
stances of the case, the pump was worked from a dynamo of low 
voltage. In order to meet this point, data were now added 
relating to another pumping plant (see Table VI), in which 
every detail, from the indicated diagrams downward, was given, 
showing a gross efficiency from the indicated power to the water 
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delivered of 49 per cent., or, taking the same data as thus used in The Authore’ 

HP. in water delivered - EDIE 
B.Meondwane” an efficiency of 42 per 

cent. Mr. Pearsall gave a considerable number of figures, and 

ended by saying that compressed air, with an efficiency of 85 per 

cent., was an accomplished fact, which could be seen any day; 

the Authors only regretted that he did not indicate where it could 

be seen, as they were quite sure that a large number of engineers 

would be interested in a result which was certainly unique. 


the Paper, viz., 


TABLE VI. 


e 
Exvecrrt: TRANSMISSION OF Power. Tests or Pumping PLANT. 
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_ Por Cent. 
aaa of LHP, 
Sizoofeable, 2. 0. 6. 6 ee eee ee] RSW, 
Distance engine-pump 2. 0. 0. eee ee 1,200 yards 
LHP. of engine... Bt aes Se el we cee 31°75 
Logs in engine and Bdlbs cs a Ae a. & Se pes ob 10 HP. Sr 
o dynamo, . « sx « « = » » « | PS2TP. 6°05 
E.HP.ofdynamo . . 0.0. 0. eee 19-8 62:5 
Lossineable 2. 0. ee 1:7 HP. 5°36 
HP. putintomotor. 2. 0.0.0. 0. 18:1 57°14 
Lossinmotor . . . . . . . . «. . «1 PS HP. 4°72 
BHP ooh motor--<~ 4: 05 om da me oe ode ye Me cack ~ 1686 O24 
Lossin pumpand gear, 2... . eC IP B15 
UP. delivered by ppnp 2... eee | 15 49°2 
Gallons por minute. . : x 118 
Pressure at pump, Is. per gure inch»... | 190 
Efficiency of transmission— 
_ BALP. of motor 16°6 765 
BHP of e engine “91-79 7 ; 
Voligatdynamo  . . . 1 we ee 410 
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{ CORRESPONDENCE. 


Mr. Fowler. 
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Correspondence. 


Mr. Grorck Fow.er said the Authors assumed somewhat pre- 
maturely that in the application of electricity to mining machinery 
they had to compete only with compressed air. It was perfectly 
true that of late years the use of compressed air to drive under- 
ground machinery had been allowed to occupy the field. In 
his opinion, steam conducted in pipes, or rope-driven gearing, 
would have effected the main haulages of many collieries, 
at far less initial and working cost. Probably no responsible 
mining engineer would at the present moment introduce a steam- 
boiler to underground workings. But the loss of power in a 
range of well-covered steam-piping, 300, 400 or 500 yards in 
length, would be immaterial in comparison with what it would 
be in the case of compressed air. And it might be remarked that 
the exhaust steam of an engine was harmless in most upcast pits. 
But he desired more especially to speak on the subject of high- 
speed endless ropes. It must be premised that the main haulages, 
over which by far the largest amount of power was expended, 
usnally conveyed to the drawing shafts, and the drums or endless- 
rope gearing which actuated them were, in most cases, located at 
these points. Probably four-fifths of the haulage power required 
in a colliery was thus effectively expended within 500 yards of the 
pit bottom. He thought that this power could be most cheaply 
conveyed from engines on the surface to the gearing in the pit 
by high-speed endless ropes. Practically the belt, which in the 
Authors’ arrangement drove the dynamo, was extended down the 
pit, and taken to the hauling gear where the power was utilized. 
The extra friction thus introduced was merely trifling, so that 
instead of the five losses of power arising from the use of the 
dynamo and motor, namely, (1) friction of the belt on the 
dynamo; (2) loss of power in the dynamo; (3) resistance of the 
cable; (4) loss in the motor; (5) friction of the belt or gearing 
on the motor; there was only the friction of the rope or belt 
round the four or five large sheaves which conducted it from the 
engine at the top to the m&chinery at the pit bottom. He had 
had considerable experience in this direction, and believed that 
in one case an effective power of 40 HP. was transmitted to the 
bottom of a deep pit, with the loss of not more than 10 per cent., 
and at a cost for ropes not exceeding £10 per annum. He was of 
opinion that neither compressed-air nor electrical machinery could 
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in first cost or working cost compete with this method when the Mr. Fowler, 


distances from the bottom of the shaft were moderate. With 
regard, however, to the conveyance of power on long and circuitous 
routes, for small auxiliary haulages, and for coal-getting machinery, 
he believed that the Paper contained matter of the greatest value 
to the mining engineer. The form of coal-cutting machine which 
the Authors suggested appeared to have great promise of efficiency, 
although there was reason to fear that in some cases the cutter-bar 
might get blocked. And the irregular way in which coal seams 
occasionally broke off at the face, would always occasion loss with 
a machine which was obliged to take a straight course along a 
bank facg. It was better to employ currents of low tension so as 
to avoid danger to the men. He was not quite clear whether the 
Authors used a double cable or returned the current on the rails. 
The latter course was open to the objection that they might be 
inadvertently touched. It was undesirable to afford the workmen 
any excuse for objecting to give the coal-cutting machines a 
fair trial. 

Mr, Herserr W. Hucues remarked that the Authors were to bo 
congratulated on their Paper, which could not fail to be interest- 
ing to mining men, and at the same time would remove some 
of the prejudices which existed in their minds against elec- 
tricity. The prominent feature of the Paper was the descriptions 
of apparatus intended to enable electric motors to be worked in 
situations where an explosive atmosphere might exist. He 
thought that the results obtained by the Authors were very 
satisfactory, and would increase confidence. At the same time, it 
had always appeared to him that the danger of using electricity 
in mining had been exaggerated. In the first place, the great 
majority of mines did not regularly contain explosive atmospheres, 
and in the event of a sudden outburst of gas the motor might be 
immediately stopped. Sparking at known points, or in the case 
of short-circuiting, appeared to be preventable, as it depended on 


Mr, Hughes, 


the design of the machine, the intelligence of the workmen oper- ‘ 


ating it, and last, but not least, the common sense of the purchaser. 
In the desire to secure economy in outlay, less money was often 
spent on safe-guards than should be the case. Electricity appeared 
to be particularly applicable to the operation of coal-cutting. 
Machines could undoubtedly undercut coal cheaper than manual 
labour, under suitable circumstances; but the difficulty of driving 
them by compressed air or wire-ropes was so great as to nullify 
the advantages, even where favourable conditions existed. In 
the facility with which power could be carried about when 
[THE INST. C.E, VOL. CLV.] N 


Mr. Hughes. 


~ My. Rooper. 
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electricity was employed, this medium stood unrivalled, and 
the cost of up-keep was less than with either of the other systems. 
Experience in this country seemed to have been confined to the 
type of machine described by the Authors, but in America 
several designs had been successfully applied and had been in 
daily operation for over eighteen months. The machine most 
in favour appeared to be the one made by the Jeffrey Manu- 
facturing Company. It was fnrnished with a cutter-bar similar 
to that described by the Authors, except that the teeth were 
mounted on a shaft which had the same diameter throughout its 
length; this shaft was driven by chain-gearing, and was from 
39 to 42 inches in length. An essential difference, how*ver, was 
the direction in which the cut was made. In the Blackburn 
machine, the bar was at right angles to the face of coal, and 
the cut proceeded in that direction. In the Jeffrey machine, — 
the bar was parallel to the face and the cut also; it really . 
did the work in the same direction as a miner. When the cut 
was made to the required depth, usually about 5 feet, the bar 
was thrown out of gear and withdrawn, the machine moved 
sideways along the face over the length of cutter-bar, and the 
process repeated. This system got over two disadvantages: first, 
the inability of most coal-cutters to work in stalls which were 
set with timber at close intervals; because, so long as the props 
were wide enough apart for the machine to be got between 
(about 3 feet 6 inches), it could easily be placed im position, 
even if they were close to the face. Secondly, the irregular 
holeing generally produced when the floor of the seam was un- 
dulating ; because this machine could follow any variation in the 
floor which took place within the length of the cutter-bar. From 
a Paper by Mr. H.C. Spaulding,’ it appeared that twenty-three of 
these machines driven by electricity had been applied, and that 
the amount of work done by each averaged from 600 to 900 
square feet of undercut in ten hours. The height of undercut was 
4 inches. Tho distance from the power-house to the working 
places in the mines varied from 1,000 to upwards of 5,000 feet. 
The motors were wound in series for 220 volts, with a capacity 
of 15 HP. 

Mr. W. O. Roover said that the Tables and data contained in the 
Paper would prove of much practical value to all who were en- 
gaged in the application of electricity to mining. He had hoped 


1 Transactions of the American Institute of Mining Engineers, New York 
Meeting, September 1890. 
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to have heard froin the Authors facts as to the merits and demerits Mr. Rooper. 
of lead-covered cable, cables run on insulators, and highly insulated 
cables contained in casing, with remarks as to their relative 
cost, durability, and damp-resisting qualities. He had obtained 
such good results from the use of bitumen as an insulator, that he 
had adopted, at Mr. T. O. Callendor’s suggestion, bitumen-covered 
cables laid in heavy wooden casing in a large mine installation 
for light and power. With regard to the Authors’ remarks as to 
separate lamp and power circuits, the scheme seemed feasible for 
short distances, but in a large mine it would probably be found 
that the extra cost of laying and maintaining four cables instead 
of two would counterbalance any advantage which might accrue 
from the greater steadiness of the light. In his experience power 
was the primary object in a mine, and light was a secondary 
consideration, and the steadiness or unsteadiness of the lamps 
would only affect the number of hours they wonld last. There 
was one consideration in connection with the ventilation question 
which had been omitted by the Authors, viz., that the exhaust air 
from a compressed-air motor was purer than would be obtained 
from a fan placed in the heading itself. This was noticeable in 
the case of long headings, and the necessity of forcing fresh air to 
the workings entailed the placing of the fan as near as possible to 
the entrance and the use of long air-pipes in which there was 
considerable loss by friction. He was using a 330-watt motor, 
driving a small Sturtevant fan at a speed of 1,800 revolutions, 
and forcing air along 150 to 200 yards of 6-inch pipe so as to 
keep the workings clear. As to electric rock-drilling by means 
of the percussion drjll, it seemed that the Authors had had little 
practical experience in this direction. The plant illustrated 
might be useful in proving that the work was possible, but it by 
no means fulfilled the most important requirements of the case. 
The object of rock-drilling by electricity was to supersede hand- 
labour. The first essential was that it should cut into the rock 
quickly, and the second that it should be easily adjusted, other- 
wise the miner working by hand would catch up the electric drill 
after each hole, and no practical advantage would be gained. The 
Authors’ plant was unwieldy, and involved much labour and loss 
of time in setting it in position. The* flexible shaft arrangement 
might be useful for work of an intermittent character, but it was 
hardly a desirable piece of machinery to introduce into a mine. 
These remarks were based upon actual experience. Mr. Rooper 
would prefer a more compact, self-contained, and easily adjustable 
apparatus, designed upon the lines he had indicated. The best 
2 
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Mr. Rooper. work accomplished, by means of the description of plant illus- 


Mr, Steaven- 
600. 


Mr. Stokes, 


trated, was the drilling of six holes 1 inch in diameter and 
33 inches deep, in three hours and a half, including the time 
spent moving and re-setting the drill. The actual speed of drill- 
ing in slate rock was 2 to 3 inches per minute. With hand-labour 
the rate of progress was about j-inch per minute. There was 
therefore reason to believe that electrical machinery might be 
profitably applied to this purpose. 

Mr. A. L. Steavenson observed that the subject of the trans- 
mission of power in mines had occupied his attention for nearly 
forty years. Tis present impression was that fuller tests would 
prove electricity to be inferior to a well-contrived rope system, in 
respect of useful effect, partly owing to the high speéds of the 
dynamos, which had to be reduced by toothed wheels or belts. 
Electricians seemed hardly to realise the extent of the danger if a 
fire should occur in the long, dark, thickly-timbered passages of a 
mine. The constant crushing and moving of the roof, floor and 
sides, must eventually affect the wires and their covering, and 
any fire there, with strong currents of air passing, would probably 
shut in for ever all the men behind it. 

Mr. A. H. Sroxes said the employment of electric motors in mines 
had for a long time been seriously delayed by the anticipated danger 
from sparking, and this especially applied to workings in which 
fire-damp was occasionally found, or in which locked safety-lamps 
were used. Jt was clear that managers of such mines would 
hesitate to adopt electric motors, if the parts liable to sparking were 
less perfectly secured against the danger of inflaming fire-damp 
than tho safety-lamps. The Authors appeared to think that in 
the case of an inrush of fire-damp, “means should be adopted to 
allow the machine to be stopped working, before this explosive 
gas has had time to come in contact with the commutator and 
brushes;”’ but it should be pointed out that the workman’s first 
indication of explosive gas would be from the flame of his safety- 
lamp, and the fire-damp would have penetrated the box cover of a 
motor (unless it was hermetically sealed) as quickly as the safety- 
lamp. Itwas further probable that an inrush of explosive gas would 
instantly place the workman in the dark, and he would flee for 
his life, leaving the motor yunning., The coal-face was the most 
likely place in the whole of the mine at which to find outbursts 
of fire-damp, and hence such machines must be absolutely safe, 
without dependence upon human manipulation in cases of sudden 
danger. The idea of boxing in the motor, or covering it with 
wire-gauze, had been long known to mining engineers, but such 
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methods had not yet obtained sufficient confidence to securo their 
general use. The encasing of motors in iron covers was open to 


the following objections: (1) The possibility of the volume of 


enclosed explosive mixture being sufficient, if ignited, to burst tho 
covering; (2) The danger of a bad joint, through which flame 
might pass; (3) The leaving out of a bolt, or the faulty adjust- 
ment of the cover, by a careless workman; (4) The cover might 
be opened whilst the machine was running, or otherwise it might 
be allowed to work without protection, thus exposing the brushes 
to the atmosphere of the mine; (5) The time taken in opening 
and closing such covers when the brushes and commutator required 
cleaning, (6) The increased weight and size of the machine. 
Similar remarks applied to wire-gauze coverings, with the addition 
that they were liable to injury. If electrical motors were to be 
introduced in mines they must be so constructed as to be absolutely 
free from the possibility of igniting inflammable gases outside 
them, and for this reason a motor was required in which the 
brushes could not be exposed to the atmosphere whilst the machine 
was running, nor the machine run until the brushes were securely 
enclosed by an absolutely flame-tight joint. The locking arrange- 
ments should not be dependent upon a workman, but should them- 
selves govern the working or stopping of the machine. 

Tue Aurnors, in reply to the Correspondence, pointed out that 
Mr. A. H. Stokes, while calling attention to the probable danger 
in fiery pits, arising from electric sparks, appeared to overlook the 
fact that, although sparking did occur at the commutator, it was 
under abnormal conditions, such as the breaking of a wire on the 
armature, that it was really dangerous, and these would not be 
provided against by the covering in of the commutator in the 
method he described. He was entirely mistaken in his statement 
that fire-damp would penetrate the covers of the motor as quickly 
as the safety-lamp, as their experiments showed that the gas 
would take probably twenty hours to produce an explosive mixture 
inside the covering, in which time, even should the man leave the 
machine, it could be turned off at the top without trouble. The 
answers to the objections of Mr. Stokes were as follows :— 

(1) Was a possibility, not a probability. 

(2 and 3) The covers were so arrafiged that, if they were on at 
all, they were properly adjusted. 

(4) Could be provided against in the same way as in Mr. 
Stokes’ suggested arrangements, either hy locking the cover or by 
attaching the brushes to it, so that when it was off the cirenit 
would be broken. 


Mr. Stokes, 


The Authors” 
reply, 
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‘The Authors’ (5) Was not material unless it should prove a practical objec- 


reply. 


tion to the working of the machines, which had not hitherto 
occurred. 

The Authors did not know whether Mr. G. Fowler had had 
much experience in carrying steam in underground workings ; they 
could only say that they had already replaced several pumps and 
other machines working with steam, owing to the discomfort caused 
by the heat and leakage of steam when carried underground. The 
objection to carrying ropes down the shaft of a colliery, particu- 
larly at high speeds, and the danger in the narrow roadways to 
men or animals in the event of a rope breaking, was sufficient to 
prevent any extended application of this system. In refgrence to 
the coal-cutting machines, the Authors might state that they had 
never yet seen one with the cutter-bar blocked. They used a 
double cable, and did not employ the rails to form the return 
cirenit. 


10, 17, and 24 February, 1891. 
sin JOHN COODE, K.C.M.G., President, 


in the Chair. 


The discussion on the Paper by Messrs. Llewelyn B. and 
Claude W. Atkinson, on “ Electric Mining-Machinery,” occupied 
these eveuings. 
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LIST OF MODELS, &c., 


EXHIBITED IN ILLUSTRATION OF MESSRS. ATKINSON'S PAPER. 
February, 1891. 


Exhibitor, Objects. 
Aqgurous Works & Diamoxp Boring-crown. 
Rock-Bormne CoMPANY Cores. 
Photographs of boring-machines. 

Rost. Limprrr ANDERSON . Gauze lamp used to examine the workings at, 

Blantyre Colliery on the occasion of tho 
, explosion of fire-damp on the 22nd of October, 

1877. 

JAMES ASHWORTH. .,. . Safcty-lamps (8). 

REGINALD Botton. . . . Working model of American ore-crushing 
machine. 


Hy. Bramat, M. Inst. C.E.. Rivet-moulding machine for making lead rivets 
for securely locking safety-lamps. 

Working model of Holcroft’s safcty-cage and 
detaching-hook. 

Working model of Owen’s safety-cage. 

Bennett H. Brovan. . . Photographs (3) taken in the mincs at Clausthal- 
sim-Harz, Germany. 

Joun Brown & Co. . . . Pair of forged-steel wheels and axles. 

Rev. G. M. Cavett, B.A. . Hand mine-ventilator. 

Mine friction-test tube. 

Working model of Capel] fan. 

Roxzr. BE. Commans, /.ssoc.M. Grips and knot for Otto’s acrial ropeways. 
Inst. C.K. Model of stamping-machine. 

Safety-lamp. 

Cox-WaLkers. . ., .  . Electric miners’ bells and gencrators. 
Joun Davis& Son . . . Ancmometers (Biram and self-timing). 

Clinometer (Louis Improved Davis’s). 

Improved Hedley Dials, with Hoffman tripod 
heads, for instantaneous sctting-up and level- 
ling. 

Safety-lamps constructed in accordance with the 
new Mines Act. 

Switches, switch-boards, and various electrical 
fittings. 

Theodolites and levels, with Hoffman tripod 
heads. 

Tos. Docwra & Son. . . Crowns with extractors. 

Samples of core, 

. Working model of diamond drill] machinery. 
Foorr & Von Buch . . . Working model of tram-line on ‘Series’ electrical 
system. 


Fow.er-Warrxc CantesCom- Cables suitable for mining purposcs. 
PANY 
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Exhibitor. 
GeneraL Exvecrric Power & 


TRACTION COMPANY 
W. T. GooLven & Co. 


G. J. Lamvren & Co. 


Le Gros, Mayne, Leaver & 
Co. 

Lonpon E.ecrric Wire Com- 
PANY 

Ewing Matueson, M. Inst. 
C.K. 

MINING AND GENERAL ELEv- 
rrio Lamr CoMPraNny 

JAMES PITKIN . 


©. EK. Raonss, M. Inst. C.E. . 

RorvuritrE Expiosives Com- 
PANY 

J. R. Souram, M., Inst. C.E.. 

Lieut.-Col. J. D. SHAKESPEAR, 
Assoc. Iust. CE. 

Sreve, GorMAN & Co... 


Henry Simon, M. Inst. C.E.. 
M. TuHerier & Sons , 
Evan Tuomas & WILLIAMS . 
Wiuwram THomas, Assoc. M. 
Inst. C.E. 
James THORNE. . 2. 
Weiumncton & Co. . 
Woopnovse & #£JRawson 
UNITED 


LIST OF MODELS, ETC. 
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Object. 
Portable motor for mining purposes. 


Bar armature (61 unit), pedestal, and spherical 
ohm-meter and generator for testing insula- 
tions, with sunbeam lantern and lamp for wet 
and dry situations. 

Coal-cutting bars and tools. 

Electric coal-cutting machines, with rotary coal- 

drill, grinding-jig, brush-holders, and carriers. 

Electrical measuring instruments, including 
Cardew voltmeter, and direct-reading ano- 
meters and voltmeters (Evershed’s). 

Electro-magnetic separator. 

Enclosed mining-motor. 

Resistance-frame for regulating current. 

Switches made for the Brighton Corporation. 

Clip-pulley for rope-haulage in mines. 

Jorf-preaser. 

Model of steel corf. 

Safety-lamps (2). 

Signal-bell. 

Ingersoll rock-drills (2). 


Insulated wires and cables suitable for electrical 
work in mines. 

Chinese translation of part of Matheson’s “ Aid- 
book to engineering enterprise.” 

Electric miners’ lamps (4) and batteries made of 
this company’s ‘lithanode.’ | 

Electric miners’ lamps (6). 

Explosive-gas detector. 

Safety-lamps (31). 

Specimens of cartridges, &c. 

Rock-boring machine on tripod. 

Safety-lamps (4). 


Life-size figure of miner in ‘Fleuss’ noxious- 
gas dress. 

Model of ‘ Simon-Carves’ coke-oven. 

Recording water-level apparatus. 

Safety-lamps (Cambrian & Bonneted fireman’s). 

Elliot’s locked-wire rope welded by the Thomson- 
Houston process. 

‘*Thorneburry’ safety-lamp. 

‘Gutes’ rock and ore-breaker. 

Miners’ bells. 

Safety-lamps and lanterns. 

Switches and awitchboards. 
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' , 1! 
“Tndian Bridges.” ? 
ADDITIONAL CORRESPONDENCE, AND REPLIES OF THE AUTHORS. 


Mr. C. O. Burce remarked that Mr. Stonoy’s Papor on the Now mr, Burge. 
Chittravati Bridge was especially interesting to him as describing 
the reconstruction of one of a series of large bridges on the north- 
west line of the Madras Railway, of which, with one exception, he 
had cha¥ve when he was Resident Engineer on a maintenance 
division of that railway, and one of which, that over the Hugri, he 
partly constructed. ‘They were the Cheyair Bridge (38 openings), 
the Pipagini Bridge (20), the Chittravati Bridge (40), the Pennar 
Bridge (24), the Hugri Bridge (34), and the Tungabhadra Bridge 
(58 openings). These openings measnred 70 feet from centre to 
centre of the piers, or about 64 feet clear between them. The 
original bridges were remarkable for having a great number of 
comparatively small spans, and for the cheapness of their con- 
struction, the cost per lineal foot being less than one-third of that 
of the bridge described in the Paper; the Penndr Bridge for 
example, only costing R.153, the Chittravati Bridge Jt.149, and 
that over the Toongabudra R.168 per lineal foot. The adoption 
of small spans male it possible to erect the girders at the back of 
the abutments, and roll them in sets of two continuous spans, over 
the piers to their respective places, and considerable economy was 
effected in this manner. The piers were of three types, viz.: 
(1) masonry built direct in the solid; (2) masonry on a group of 
small shallow brick wells; (3) screw-piles of wrought-iron. The 
piers of the Cheyair Bridge were undermined in a terrible flood 
more than twenty years ago, when the night mail train rushed 
into the gap with frightful loss of life, the Papagini Bridge had 
been partially or wholly reconstructed, the Chittravati Bridge 
failed in October 1874, as described in the Paper, and that over 
the Pennér was carried away on the 16th October 1889, and was 
now replaced by one very similar to,the new Chittravati Bridge. 
Structures with more substantial piers and fewer of them in the 
first instance, would have been more durable, and it seemed, from 
the fact of the girders referred to in the Paper having been safely 


" Minutes of Proceedings Inst. C.E., vol. ciii. pp. 123-200. 


Mr. Burge. 


Mr. Robertson, 
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erected in the river bed, that little advantage was gained by the 
original erection on shore of the older bridges; for, as regards 
floods, all these rivers were of the same character. The failure of 
the original bridge over the Chittravati was evidently attributed 
to the insufficiency of the depth of the piers, and not to deficient 
waterway, as the new bridge was 164 feet shorter, deducting 
piers in both cases, a difference hardly accounted for by the fact 
that the old one was slightly skew to the channel. The Author 
was right in pleading for more latitude with regard to the dimen- 
sions of cylinder work, so as to allow for unavoidable divergence 
in sinking. Mr. Burge had drawn attention to a somewhat similar 
point in his Paper on the Hawkesbury Bridge, and in the corre- 
spondence upon that subject his opinion was supported bly Messrs. 
Bouscaren, Collingwood, and Professor Gaudard.' Considering the 
nature of the strata passed through, the sinking of the cylinders 
at 1.584 per lineal foot seemed to be remarkably cheap, and 
reflected great credit on the Author, as it must be inferred from 
the fact that no contractors were mentioned, that the work was 
carnied out departmentally. It would appear from the Paper that 
the picrs above ground were of iron with masonry inside, and it 
might fairly be asked why the stonework was not exposed, the 
Nirgee limestone of which it was composed making very pre- 
sentable masonry. Mr. Burge had not gone into the question of 
the quantity of metal provided for the stresses in the girder 
members, but it would appear from the small deflection of 53)¢5 of 
the span with a maximum load that the erection of the structure 
at the maker's works and on the spot had been well carried 
vut. 

Mr. Ronerrson, in reply to the remarks that had been made as to 
the absence of information regarding the design, loads, and per- 
missible strain, pointed out that the Paper dealt, as its title 
showed, solely with that part of the work with which he was 
connected, namely, the erection of the Lansdowne Bridge. The 
contract for the ironwork had been let before the Author was 
ileputed to consider the erection. The cost of the ironwork was 
due partly to the fact that most of the members required some 
special shaping, and partly to the expense of putting it up in 
England, which might be gonsidered a necessary preliminary in 
consideration of the locality for which it was designed. There 
being only a single span to the bridge enhanced the cost of 
erection, as special appliances, such as the central staging, were 
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only available for a small tonnage. In reply to Mr. Young, con- Mr, Robertson, 
sidering the position of ITI strut and that its length was 230 feet, 
and weight 120 tons, it would have been difficult in any caso to 
have lifted it in one piece, and the details of construction rendered 
it impossible in this particular instance. There was no difficulty 
in setting the nose of II] strut to exactly the right span for the 
horizontal tie, when once it was completed and the distance 
measured. The 14-inch rope was only a guy to hold the head of 
each piece after it was raised into its place, so as to prevent any 
strain on the fastenings; and it was not intended to imply that 
the rope lifted the piece. With reference to the suggestions that 
an arch or a girder would be preferable to a cantilever, there was 
no doubt that the site lent itself to an arch ; but in balancing the 
advantages it must be remembered that each day’s work on a 
cantilever was secured, while in the case of an arch the risk con- 
tinued till it was closed. As for a girder, it would have been quite 
impossible to erect false works in the Rori Pass, and such a proposal 
was never made among the numerous schemes for bridging the 
Indus. In reply to Mr. Read, the deflection under the test-load 
(two of the heaviest locomotives and fully loaded wagons placed so 
as to produce the maximum deflection at the nose of the cantilever) 
was 2) inches. Deflections were observed at all the panel points 
simultaneously by a water-pipe fitted with a gauge-glass at each, 
the most important being checked by an observer with a level. 
The oscillation was recorded by a seismograph, and only amounted 
to 1% inch at a speed of 85 miles per hour, which was tle utmost 
that could be attained by the test train owing to the gradients 
leading up to the bridge. It was true that there was an oscillation 
of 14 inch under a crowd, though the bridge was steady with the 
train. This was due to the absence of lateral bracing on a part of 
the cantilever where it only extended between the secondary 
members. This deficiency having been supplied in those bays, 
the oscillation was reduced to } inch under a crowd marching in 
step on the footways only—the arrangement which had previously 
given the greatest oscillation. A larger crowd all over the floor 
only produced an oscillation of } inch, as did also various combi- 
nations of train and men. Before this bracing had been added, an 
opportunity occurred of testing the effect on the bridge of as heavy 
a storm as had been experienced in those parts, while a goods train 
was passing ; the direction of the wind being inclined at 45° to the 
bridge. No oscillation was perceptible. 

In reply to Mr. Claxton Fidler, the gallows itself had a pro- 
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Mr. Robertson. jecting arm to work a rope for the heel of raking-pieces as shown 


Mr. Stoney. 


in Fig. 8, Plate 6, in plan and front view. A very convenient tool 
which was much used was a spar or tube furnished with an 
ordinary jack head at each end and rings to sling it by; these 
were provided of different lengths and used to boom out pieces. 
In the event of its being desired to raise a piece from a position 
on the floor of the bridge where it could not be reached by the 
overhead rope, an ordinary block and tackle hooked on the traveller 
on the top was used. <A pair of wire-rope tackle sets were pro- 
vided for this purpose. A good deal of lifting of small pieces was 
done with ordinary ropes working from the overhead gear. ‘The 
Paper would hardly be complete without some notiqe of the 
accuracy of the work as executed by Messrs. Westwood, Baillie 
and Co., which enabled the most intricate joints to be brought 
together without difficulty. 

Mr. Svoney thought there could be no doubt that the use of small 
charges of dynamito facilitated cylinder sinking, and reduced the 
load required by perhaps 30 per cent. The same system was used 
at the Penndr Bridge, having been introduced by Mr. R. HK. his, 
Assoc. M. Inst. C.E., the Author’s assistant on that work. With 
regard to Mr. Wolfe Barry’s query, there was no doubt of the fact 
that in one instance, after 30 feet of concrete had been put in, there 
was a depth of 8 feet of slurry formed over it ; no analysis was made 
of it, but when taken out and poured on the river-bed it dried 
like fine mud. It was produced only in the case of one make of 
cement. Referring to Mr, Robinson’s remarks, there was, in the 
absence of suitable pneumatic plant, no means of getting the large 
boulders out from under the cutting edge, except by blasting, as 
they were too large to push out or to chip, and if they were undercut 
and drawn into the cylinder blows of sand followed, as happened 
at pier No. 11. The cylinder served merely as a casing to allow of 
a concrete pillar being carried to the rock bottom, so that its having 
cracked was of no material consequence. It might be mentioned 
that the wrought-iron cutting-rings were not cracked by the 
dynamite, but their lower edyes often got crushed by coming 
forcibly in contact with boulders or rock, when the cylinders ran 
down under heavy loads. With regard to Mr. Riddell’s remarks, 
the Author had designed*an annular plate to carry internal 
loading, Figs. 12 and 13, Plate 7, and used it very successfully in 
three cylinders of the north abutment, and he would have liked to 
adopt this plan all through, but the work had been already 
commenced, and there was no time to wait for castings from 
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Madras. The Author was fully alive to the advantages of internal Mr. Stoney. 
loading, and always advocated it, because, Ist. It kept the centre 
of gravity of the load low, and saved the great cost of stacking and 
unstacking rails, which moreover brought the load high above tho 
river-bed, thus increasing the tendency of the cylinder to cant. 
ond. It made use of the permanent filling as a sinking load, and 
this filling could be built in above water and inspected, instead of 
having to be put through water by skips. In connection with 
Mr. Wrightson’s remarks, the Author had known cylinders in the 
Pennar and Cheyair Bridges to sink suddenly without any apparent 
cause, after resisting the action of a heavy load for days, during 
which time they had remained untouched. 

In anfwer to Mr. Gillott, 8 per cent. more rivets were used 
than were actually inserted, including all those that were lost 
or burned in heating. The number of loose rivets cut out was 
about 4 per cent. The Author would have been glad to have the 
furnaces and riveters described by Mr. Gillott instead of the 
ordinary portable forges which were used. With reference to the 
remarks of Mr. Macdonald and Mr. Seyrig, it should be explained 
that the section of the river-bed shown by the original borings was 
not only often quite wrong in depth, but very misleading as to 
strata, giving for the most part no indication of the existence of 
the boulder beds actually met with. For example, at pier No. 11, 
a depth of 6 inches only of dark boulders was shown by the 
borings, while 22 feet of them was actually sunk through, without 
reaching the rock. Piers Nos. 12 to 18 went through layers of 
boulders varying from 6 to 14 feet in depth over the rock, while 
the borings indicated none. The working section showed materials 
suitable for dredging throughout, and it was only when a con- 
siderable part of the cylinder-sinking had heen done that the 
existence of the bed of boulders became known. It was then too 
late to procure suitable pneumatic plant from England, as including 
the time necessary in order to obtain Government sanction, &c., 
it could not have been got out in less than nine months at 
the least. American and English Engineers could not easily 
realize the peculiar difficulties of working in India, where all plant 
had to be ordered from England, and machine shops for repairs 
might be 200 miles or more distant. , There was also the greatest 
difficulty in procuring skilled labour and trained foremen and 
mechanics, so that the Engineer had to see personally to every- 
thing, including minute details, as well as to direct and supervise. 
The pneumatic work was done with old pumps imported in 1877, 
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Mr, Stoney. the valves of which were worn and constantly broke down, 

3 allowing the cylinders to fill with water, which had to be again 
forced out; and this had to be done by native labour trained on the 
spot, without the supervision of a skilled foreman, so that the cost 
was consequently abnormally high. The Author would like to 
hear from Mr. Macdonald and Mr. Seyrig what the cost per 
lineal foot of sinking 12-foot cylinders to a depth of 50 to 60 feet 
below water-level should be with skilled labour and modern 
pneumatic plant. 
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(Paper No. 2492.) 
“ The von Schmidt Dredge.” 
By Grorce Hiceins, Assoc. M. Inst. CLE. 


In a Paper on “Dredging Operations and Appliances,” by 
Mr. John James Webster, read before the Institution in 1887, 
under the head of “Sand-pump Dredgers,” mention was made of 
the invention of Colonel A. W. von Schmidt, of San Francisco, and 
a scant description, accompanying a somewhat incorrect illustration, 
was given of the machine.' It is intended now to describe the 
invention more fully. 

“Sand-pump dredgers,” or “suction-dredgers,” or, as they are 
sometimes called, “ hydraulic dredgers,” have been known and used 
for many years, and have done good work in gravel, sand and 
silt; but Colonel von Sclnunidt’s Piaeline is the only one which 
will deal with clay as well as with loose materials. Nearly all 
hydraulic dredgers employ centrifugal, or “ whirling” pumps, 
which have two advantages over stroke-pumps, viz., (1), that all 
valves are dispensed with except one foot-valve, and (2), that the 
action is continuous in one direction, so that the suspended material! 
has no opportunity of settling ; whereas in a stroke-pump there is 
a sudden stoppage and a change of direction at the end of each 
stroke. 

The first von Schmidt dredger employed in Australia, the 
‘“‘ Elwood,” was built by the Author for reclaiming the Elwood 
Swamp at St. Kilda, a suburb of Melbourne. Its first work was 
that of excavating a ship-canal and dock across the West 
Melbourne Swamp for the use of the Victorian railway depart- 
ment. It is still engaged there. 

The “Elwood” was constructed ir Melbourne. ‘T'he hull, of 
Oregon timber, H H, Plate 6, is 100 feet long, 50 feet wide, and %) 
feet deep ; flat-bottomed, sides and longitudinal bulk-heads 12 inches 


? 


' “Dredging Operations and Appliances,” by John James Webster, M. Inst. 
C.E. Minutes of Proceedings Inst. C.E., vol. Ixxxix. p. 8. 
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thick; ends semicircular, 16 inches thick. The longitudinal bulk- 
heads divide it into three main compartments, the centre space 
being occupied by the boilers, main engines and pump, while those 
on either side are divided up into coal-bunkers, water-tanks, 
cabins, &c. The boilers, BB, are of the marine type, and work at 
a pressure of 120 Ibs. per square inch. The whirling-pump, CP, 
stands on end, and is about 14 feet high, the runner being 10 feet 
in diaincter. The suction-pipe is attached to the centre of the 
casing, the discharge-pipe leaving the pump on the top. The 
pump is driven by compound condensing engines, E i, of 24 inches 
stroke, the ligh- and low-pressure cylinders being 20 inches and 
36 inches in diameter respectively. They are mounted upon a 
A frame, the connecting-rods of both cylinders grasping the same 
crank-pin. The speed varies from 120 revolutions a minute at 
long discharges to 100 at short ones. They indicate from 420 to 
330 THP., according to the speed. The Blake surface-condenser, 
SC, is driven by a separate steam-engine mounted on the same 
frame with the air- and circulating-pumps. A donkey-boiler, D B, 
is used for many purposes. A Worthington pnp, WP, 1is employed 
for priming the whirling-pump, and for filling the tanks with 
fresh water, bilging, &c. A pair of engines, S EH, with cylinders 
10 inches by 6 inches, give inotion, by means of spur-gearing, to a 
shaft which has on it two chain-drums and two winch-ends. ‘The 
chain-drums are used for lifting the “spuds” or piles which hold 
the dredge steady while at work, and the winch-ends are em- 
ployed for moving it about by pulling on the mooring-ropes when 
the spuds are raised, and also for general hoisting-purposes. 

The arrangements which distinguish the vpn Schmidt machine 
from all other suction-dredgers, and which enable it to do work 
that none of the others can do, are situated on deck. The suction- 
pipe is bent upwards a short distance from the pump, and, at this 
bend, a gland and stuffing-box are introduced, enabling the outer 
end to move horizontally in a semicircle about the gland as a 
centre. The movable part of the suction-pipe is placed upon a 
carriage or table, T, which travels to and fro on rollers around 
the semicircular bow of the dredge. The pipe lies horizontally 
upon the table, and its outer end, which is telescopic, hangs 
vertically over the bow, atid can be raised or lowered at will. 
The lowest of the telescopic pipes has a bell-mouth or “hood,” 
BM, 8 feet im diameter, placed eccentrically with regard to the 
suction-pipe, but concentric with an 8-inch steel shaft, KS, which, 
passing down outside the telescopic pipes, and through the centre 
of the hood, drives the horizontal wheel to which the knives, K K, 
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are bolted. Collars on the shaft keep the knives at a fixed distance 
below the hood. The upper part of the shaft is square, and slides 
through the bevel wheel, B W, as the telescopic pipes are lowered 
or raised. The traversing motion of the table, the rotation of the 
knife-shaft and the lifting of the telescopic pipes are all performed 
by means of the table engines, TE, which are mounted upon the 
suction-pipe. The cylinders of these engines are placed at right- 
angles on a A frame, and are each 12 inches in diameter, with 
12 inches stroke. They are connected with the condenser, but may, 
at will, be permitted to exhaust into the atmosphere. The table 
traversing-gear, and that for lifting the telescopic pipes, as well 
as that for driving the cutting-knives, will easily be understood 
from thé plans. Belts, friction-clutches, and some toothed gear 
are employed. The only valve in the suction-pipe is that shown 
at V, which is particularly easy of access. The portion beyond this 
valve, going towards the water, is primed by means of a steam . 
ejector, or by being connected with the condenser, while the other 
part is filled at the same time as the main pump by means of the 
priming-pump, W P, already mentioned. 

The discharge-pipe, DP, is of wrought-iron, and is 21 inches in 
diameter. On leaving the pump, it passes over the house and 
downwards over the vessel’s side, where an elbow on a swivel 
connects it with a line of pipes floating on pontoons. Ball-and- 
socket joints of cast-iron are used to connect these floating pipes 
together, and between each pair of pontoons is placed a short 
length unsupported except at its jointed ends. This arrangement 
is sufficiently flexible to admit of the dredge being moved about 
over a large area without any stoppage to alter the pipe-line. On 
shore, wrought-iron pipes of a very simple sala are laid on 
the ground so as to follow its undulations. 

The area where the mud is deposited is, in the frst instance, 
enclosed by retaining-banks, and one or more weirs provided for 
allowing the water to flow back after the mud has settled. Bricks, 
stones, bolts, pieces of iron, nail-cans, shovels, &c., are sometimes 
found issuing from the discharge-pipe. Lumps of iron, weighing 
6 or 8 lbs., have come up along with the mud, and have been 
afterwards removed from the pump. 

The following is a description of ¢he method of working the 
machine. The dredge is floated into position, and placed so 
that its bow (or suction-pipe end) nearly touches the bank 
which is to be cut away; the two spuds are allowed to drop 
through their sockets, and their iron-shod ends stick into or 
rest upon the material in the bottom of the channel. A rope 
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is carried from the foremast head over the table, and made fast 
to some mooring placed in the direction towards which it is 
intended to work. Four other lines are put out from the sides 
and attached to moorings. The whirling-pump is primed, as 
before described, and the main engines, which drive it, are 
started. The table engines are then set in motion, causing the 
knives to revolve. The knives are brought into contact with 
the bank by moving the table sideways, and the material which 
they cut is carried up the pipe by the rush of water, passing 
through the whirling-pump and the discharge-pipe to the shore. 
The presence of the solid substances is at once indicated by 
a& vacuum-gauge attached to the suction-pipe. The knives are 
kept at one level usually, and move with the tabfe 'as far 
as it will go in one direction, when they, together with the 
telescopic pipes, are lowered a distance of from 6 inches to 36 
inches, according to the hardness of the material, and are then 
carried back, still cutting their way, to the other side. When 
there another lowering of the knives and telescopic pipes takes 
place, and the process is repeated. At each traverse a strip 
of ground, 60 feet long by 10 feet wide by from 6 inches to 
36 inches deep, is swept up. The to-and-fro motion of the table, 
with the knives and suction-pipe, is continued without moving the 
dredge, until the desired depth is reached. The ‘“ Elwood” has 
been made capable of dredging to a depth of 24 feet, but this 
limit could be exceeded by using longer pipes. The desired depth 
having been reached, the telescopic pipes are lifted up; then the 
spuds are raised off the bottom, the dredge pulled forward 9 or 
10 feet, and the spuds again dropped, and the cutting commenced. 
One minute is long enough to make this change, the main pipe 
meanwhile discharging water. In this way the dredge cuts 
through a piece of ground 60 feet wide. In plan, the shape of 
this excavation is usually an arc of a circle, the centre of which is 
_ the ball-and-socket connection between the floating and the shore- 
pipes. When the excavation has been carried as far as necessary, 
floating-pipes are added or withdrawn, and other patches, 60 feet 
wide, are taken out alongside the first. It will be seen that this 
method ensures the bottom of the channel being left quite level, 
without lumps or holes. —« 

Occasionally, an examination is made of the cutting-knives, 
which are brought up cut of the water by letting go the chain on 
one side of the telescopic pipes and heaving up on the other, by 
which means they, together with the vertical knife-shaft and 
knives, are swung up to one side; a ball-and-socket joint on 
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the horizontal part of the suction-pipe, and two universal joints 
on the horizontal shaft above it, being provided in order to allow 
this motion to take place. 

The von Schmidt dredge can work by night almost as well as 
by day, but daylight is generally chosen for adding or withdrawing 
lengths of discharge-pipes. 

The machinery of the “Elwood” being quite new, there were a 
good many delays during the first few months, owing chiefly to 
defects in the main engines. More than half the working time 
may be taken as having been lost up to the present. The actual 
work done up to the 14th July, is given in the following Table :— 





N oe of Engine 





























be | sed Length oo Quantity. 
ae Feet. | Cubic Yards. 
December 1889 . 71 4,000 15,340 
January 1890. . . 121 3,000 25,930 
February , . . - 199 2,500 42,830 
March a 275 1,300 56,000 
April 4... 373 1,600 70,800 
May ag. oh 3 130 2,000 17,200 
June 3  fr3 292 2,000 61,000 
July (1 to 14) 4. 2 168 1,000 31,000 
(Seperate 
Totals . . . 1,629 320,100 


A von Schmidt dredge of smaller size, with 12-inch pipes, is 
being built at Christchurch, New Zealand, by the Gillespie Beach 
Gold Mining Company, the intention being to lift wash-dirt from 
a river-bottom and beach. The application of the system to gold 
and tin-mining is one that promises to develop extensively. 

Another dredge, with 9-inch pipes, is now afloat on the Albert 
Park lagoon, which it is proposed to deepen, while use will be 


made of the dredged material to raise some low-lying lands in the 
vicinity. 


The Paper is accompanied by a photograph and two lithographed 
drawings, from which Plate 6 has beén prepared. 
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(Paper No. 2500.) 


“On the Application of Governors and Fly-Wheels to 
Steam-Engines.” 


By Professor Victor Aucusr Ernest Dwe.sHavvers-Drry, 
of Liége University. 


Translated by Bryan Donxiy, Jun., M. Inst. C.E. 


In a previous Paper,! the Author endeavoured to show how a 
governor, or tachometer, applied to a steam-engine, might be 
experimentally studied. He had demonstrated that no practical 
theory of the governor could be established unless the resistance R, 
which.the sleeve encounters in one direction during its upward, 
and in the contrary during its downward tendency is taken into 
consideration. On account of this unavoidable resistance, he 
showed that the sleeve might remain without moving in a certain 
rigid position, while the rotatory-speed of the governor or of the 
engine fluctuated between the limits of—Ist, the greatest speed 
w, corresponding to the instant when the centrifugal force of the 
balls establish an equilibrium with their own weight, the weight 
of the sleeve, and the resistance.+ R; and 2nd, the least speed », 
corresponding to the instant when the weight of the balls and of 
the sleeve establishian equilibrium with the resistance — R, and the 
centrifugal force, diminished by the decrease in the velocity. 
Thus the governor does not respond to the variations in the speed 
comprised between wand v, and its “coefficient of sensibility” may 
be defined as the proportion between the mean speed of the 
governor, and the difference w — v of the two velocities of equi- 
librium a 

There are therefore two velocities of equilibrium instead of one, 
as maintained by the old theory, a proposition which rendered it 
impossible to give a rational definition of sensibility. The sen- 
sibility of a governor depends upon the resistance R, which is in 
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its turn dependent upon the kind of communication interposed 
between the sleeve of the governor, and the valve modifying the 
motive power. ‘The sensibility depends upon the internal friction 
of the tachometer itself. Given a governor and the resistance kh, 
a diagram may be traced of the two velocities of equilibrium » and 
w, the abscisses of which will be in proportion to the velocity, and 
the ordinates to the height the sleeve reaches in its travel. In 
some governors the lines of these diagrams are almost straight, 
like those marked with thick lines in Fig. 1. The stops of the 
sleeve confine it to the two positions 0, and o,. At the position o, 
we will call the values of v and w respectively w, and Q,. At 
the higher position o, they are marked w, and 2,. Thus the 
smallest velocity of equilibrium is w,, and the greatest Q,, and 


Fig. 1. 





0; " Wy U Sty 


the governor acts only between these limits; the space between 
them constitutes the allowed irregularity of the instrument. 

In the “Théorie Nouvelle des Régulateurs,” published in 1877 
by Mr. Charles Beer and the Author, and in the Author’s Paper 
before mentioned, attention was called to these definitions of 
sensibility and regularity, and also to a quality indispensable 
to all steam-engine governors, called “ astaticity.” It may be thus 
described. With its full load on, the engine ought to be capable 
of running at the mean velocity w' it ought also to run at the 
same velocity with no load but its own friction; and, lastly, it 
ought with an intermediate load to run at the same speed, between 
the maximum and minimum limits 2, and o,. Clearly this result 


will, with an astatic governor, be obtained under the following 
conditions :— 
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1. When the sleeve is in its highest position o,, all admission 
of steam will be stopped. 

2. When the sleeve is in its lowest position 0,, the maximum 
quantity of steam will be admitted, and will be more than that 
required for the maximum load of the engine. (This second 
condition was omitted by the Author in his former Paper.) 

3. In order to make the governor practically as sensitive as 
possible, and at the same time to satisfy these two conditions, the 
two intermediate velocities 2, and w, are made equal to each 
other, and both are made equal to the mean angular velocity w. 

The Author has cited examples to show that a governor might 
be so constituted as to make it astatic, that is, acting wader the 
best conditions, the diagram having the shape shown at Fig. 1. 
But although he had discussed the question in 1872,! he did not 
then touch upon the limits of speed to be chosen, and the relations 
to be adopted between the governor and the fly-wheel. In the 
engines now used for electric lighting, the whole load may be 
thrown suddenly on or off the engine, and it must be constructed 
to bear these extremes, without allowing the velocity to exceed or 
fall below the two limits assigned. The consideration of this 
question forms the subject of the present Paper. In the following 
remarks the resistance R to the movement of the sleeve will be 
placed among the data given, although it is often difficult to 
estimate it in practice. Usually it can be measured experimentally 
on an engine, and reduced by means of levers, &c., to suit any 
special tachometer. 

It has often been said that the sensitiveness of the fly-wheel 
ought, under ordinary conditions, to be greater than that of the 
governor, otherwise the sleeve of the latter would move, although 
the number of revolutions did not vary, and this might affect and 
disturb the admission of steam at the critical moment. The 
Author does not attach an exaggerated importance to this con- 
sideration. To change the admission of steam, the governor has 
but the actual period of admission, which is very short in large 
expansive engines; and if during expansion the velocity of the 
engine has changed, all that is required is to adjust the governor, 
that it may regulate the admission at the next stroke. The 
important point is to know how the governor will act when 
variations occur in the velocity during expansion, because, from 
the very beginning of the following stroke, the sleeve ought to 
take up a proper position, in order to adjust the admission of steam 
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to the ratio required by the modified load on the engine. The 
governor therefore should be regulated to act with precision in 
extreme cases, and its proper working under ordinary circumstances 
will then be placed beyond a doubt. It ought to agree with the 
fly-wheel, and, as long as the boiler furnishes steam to the cylinder, 
to prevent the speed exceeding the limits assigned. 

The following are the extreme cases to be allowed for :— 

1. When the engine is running with full load on at the velocity 
w, the sleeve of the governor ought to remain stationary at the 
height A towards the lower end of its travel; but if the need 
arose it ought to be able to fall a little lower in order to restore 
the velocity, should there be a slackening of the speed through 
any unforeseen cause, such as a slight diminution of pressure in the 
boiler. 

2. When the engine is running with no load but its own 
friction, and at the normal velocity, the governor ought to remain 
stationary at a height B,a httle below the highest position 0,, 
because in case of need, the sleeve ought to be able to rise still 
higher, and cut off the admission steam, in order to restore the 
normal speed should the velocity be increased by an increase of 
boiler-pressure. 

38. When the engine is running with its full load, and at its 
normal velocity, the whole load is suddenly thrown off, just at the 
beginning of expansion. In this case the governor cannot prevent 
an acceleration of speed, since it does not act during expansion. 
At the end of the stroke, if the fly-wheel is light, the velocity will 
be greatly increased, if it is heavy the increase will be small. It 
is desirable, in any case, that the governor should, during ex- 
pansion, have reached the highest point in its travel, in order to 
suppress admission during the following stroke. ‘Therefore from 
the beginning of the next stroke the velocity will diminish, until 
probably after slight oscillations, it becomes equal to the normal 
speed. On this account the maximum velocity of equilibrium, 
©,, in the upward stroke of the sleeve ought to be smaller than 
that acquired by the engine at the end of the stroke now under 
consideration. 

4. When the engine is running with no load but its own 
friction, and at the normal velocity, the whole load is suddenly 
thrown on just at the beginning of expansion. It is impossible 
for the governor to prevent the speed diminishing until the next 
stroke; the greater or less mass of the fly-wheel alone will, for 
the moment, limit the decrease in the velocity. In any case it is 
desirable that the governor should, during expansion, fall to the 
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lowest point of its travel, in order to admit the maximum quantity 
of steam, and be able, even with the maximum load, to increase 
the velocity, which had fallen below the normal rate. For this 
reason the lower stop ought to be below the position that cor- 
responds to the admission agreeing with the maximum useful load 
at the normal velocity. It is therefore necessary to make the 
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lowest limit of the governor’s velocity w, greater than that ac- 
quired by the engine at the end of the stroke, during which 
the whole load had been suddenly thrown on at the beginning of 
expansion. 


The problem of the regulation of the governor of an engine 
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seems thus to be clearly defined, but does it lead to practical 
results? To ascertain this point the Author had recourse to 
experiment. He had at his disposal a steam-engine belonging 
to the Mechanical Laboratory of the University of Liége. Each 


Fig. 2. 
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year he makes experiments on this engine, to determine the 
velocity of rotation at each instant of the stroke. Indicator- 
diagrams are taken, and the mean velocity, brake-power, and the 
edistribution of the moving parts are calculated. The latter are 
divided into two equivalent masses; the one is rotating and 
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calculated as if it were concentrated at the revolving end of the 
connecting-rod; this mass M is = 3,621. The other, the re- 
ciprocating mass, oscillates like the other end of the connecting- 
rod, or like the piston; it is here called m, and is equal to 16. 
Both these masses have a regulating influence on the rotatory 
motion. With certain engines Professor Thurston found the work 
consumed in friction per revolution was the same, whether the 
engine were running light or with full load on. Wishing to 
verify this fact, the Author made many experiments, and though 
unable to draw positive conclusions, he thinks that Thurston’s law 
may be admitted without risk of inaccuracy. The brake-power 
represented 83 per cent. of the indicated work in these trials. 
Therefore the indicated work without any useful load was probably 
17 per cent. of that with full load on, and this supposition was 
approximately confirmed by experiment. 

By the help of the indicator-diagrams taken on both sides of the 
piston, we can determine the power exercised by the steam upon 
the piston, including the back pressure, at each instant of the two 
successive strokes of one revolution. The pressure of the steam on 
the piston must be resolved into its component parts to find its 
equivalent, which is supposed to be applied to the centre of the 
crank-pin, in the direction in which this point is moving, that is, 
tangentially to the circumference described. This component 
affords a measure of the total effect of the pressure of the steam to 
make the shaft rotate, which is the effective motive power E. 
Fig. 2 gives the diagram of the motive power in the experiment 
in question. The abscisse are proportioned to the angles described 
by the crank, starting from the dead point; the ordinates are pro- 
portioned to the values of E, and the area of the diagram to the 
work performed by the motive power to turn the shaft. This is 
merely a graphic representation of the results, calculated from 
actual data, and is used as a check, on account of the laborious 
nature of the calculations. It was found that the motive power in 
the forward stroke was 6,942°4 foot-lbs., and 7,353°4 foot-lbs. in 
the back stroke, giving a total of 14,295°8 foot-lbs. per revo- 
lution. 

Since the engine is here supposed to be running at normal 
speed, it follows that the work‘of the total resistance per revolution 
is exactly equal to the work of the motive power. Generally the 
total resistance is also reduced to a constant force, and applied to 
the centre of the crank-pin tangentially to the circumference 
described. In this case the diagram representing the resistance 
will, with the same base as that of the motive power, be a straight 
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line parallel to this base at such a height that the rectangle 
determined by it will have the same total area as the diagram of 
the motive power EK. This straight line is CC'C’'C, its height 
represents 2,311°6 Ibs. 

If it be wished to know the work expended in varying the 
velocity of the masses of the engine, from the beginning of a 
revolution to a given angle described by the crank, and represented 
by the length oF, the ordinate FHG must be drawn out, and the 
work T will be represented by the difference of the two areas 
oFGo and oCHFo. If the speed V, of the centre of the crank-pin 
at the beginning of the stroke be given, and the proportion between 
the lergth of the crank and of the connecting-rod, the speed V of 
the crank-pin, and v of the other end of the connecting-rod, can be 
calculated for every position of the crank from the beginning of 
the stroke. The fraction = = kis a function of the angle, and can 
easily be calculated. Dy virtue of the principle of vs viva— 


T= 3 Ve reer 
“T+V2 = V3 i? 
M + o ky 


and _ /- v2 +i 2 


Vv = 
Nae og 





The Author has thus reckoned the values of V for twenty-seven 
different points of one revolution, a laborious but not a difficult 
task. The variations of velocities V are clearly marked in the 
diagram, Fig. 2. The axis of the abscisse for the diagrams 
of velocities is supposed to be 6:07 feet below the horizontal 
straight line that terminates the figure at the bottom. 

The minimum velocity is at the point 104: V’ = 6°2629 feet, 
corresponding to 60°76 revolutions per minute, and the maximum 
at the point 17, where V” = 6°3534 feet, corresponding to 61°64 
revolutions, the circumference described by the point of concentra- 
tion of the mass M being 6°1845 feet. The mean velocity 1s 
6-3088 feet, corresponding to 61-21 revolutions per minute, and the 

Vv" 0VU00 
6-3534 — #9890 = 69°77, say 70. The 
mean velocity closely approximates to the arithmetical mean 


coefficient of regularity is 
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between the extreme velocities. The speed at the end of the 
direct stroke is 6°279 feet, or 60°92 revolutions. 

The axis of the abscisse is numbered 0, 1,2. . . 19, 20, Fug. 2, 
corresponding to equal fractions of the stroke. The letters D, D’, 
d, dl’, mark the beginning of expansion at each stroke. The work 
due to the motive power, the total resistance, and the friction, 
have been reckoned separately between two successive dividing 
points (including the points marked 4, d, 95, 10}, d’, 193). The 
total work performed between certain points is subjoined. 
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ee Liffective a 
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sa | Foot-Ibs. | aotelbs. | Foot-Ibs. 
& (During admission . . | FromOtod | 2425-3 | 2237-2, 870'8 
ES | 4 exponsion. . | 4 @tol0 4517-1 4910-7 | 834°8 
ee » thewholestroke |, 01010 | 6942-4 | 7147-9 | 1205-1 
ve » admission. . » l0tod! : 2514 3 1895-2 | 312°] 
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As the engine was horizontal and the parts fairly well balanced, 
no count was taken in the above calculation of the weight of the 
moving parts. With a non-balanced engine, the weight must not 
be neglected. 

Waving obtained the speed V during the ordinary work of the 
engine for each point of the stroke, and traced its appropriate 
diagram, the Author has by the same process, based on the 
principle of wis viva, calculated and represented by a curve 
(Fig. 2), Ist, the speed V, of the back stroke during expansion, in 
the case of the useful resistance being suddenly suppressed at the 
beginning of expansion, and 2nd, the speed V, during the whole 
back stroke, assuming the engine to be running empty during 
admission, and the whole of the useful resistance to be suddenly 
thrown on at the beginning of expansion. In such a case the 
speed at the beginning of the stroke is supposed to be equal to the 
mean speed 61°21 revolutions’ per minute. Fig. 2 shows clearly 
the variations in these speeds, V, and V, The diagram of the 
effective motive power when the engine is running empty at 
the normal speed of 61:21 revolutions, has not been traced from 
the indicator diagram experimentally obtained, but by taking each 
of its ordinates as equal to 17 per cent. of the corresponding 
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ordinate when the engine is running with full load on. This 


method may be considered as practically accurate. The results 
are :— 


Feet. 
In the Ist case the velocity V, at the end of the stroke is. 6°476 
” 2nd 99 39 Vi 95 9 « 6° 117 
The first corresponds to . . . 62°84 fey ouitioas per minute. 


The second . oe eh 6) 689584 “ 


” 


The first differs from the mean speed by 1°63 revolution per 
minute, the second by 1°87; the irregularity of the engine, 
therefore, in these two cases is 3°5 revolutions in 61°21 per 
minute, = —!_, or a coefficient of 17°5 

It is she fly-wheel which permits this variation, and the governor 
is absolutely powerless to change it. The latter can only prevent 
the disturbance from going too far; it onght to set matters right, 
first by restoring, and afterwards by maintaining the normal 
speed. How it should be adjusted, in order to perform this 
function, the Author will endeavour to show. 

Starting with the first case, when the useful resistance is sup- 
pressed at the beginning of expansion during the back stroke, the 
sleeve of the governor should have reached its highest position at 
the end of the stroke, to stop admission for the following stroke. 
Therefore, while the expansion lasts, some motive force must have 
generated the work represented by the moving of the sleeve up- 
wards. ‘This motive power is derived from the excess of actual 
centrifugal force due to the speed V, over the ascending velocity 
of equilibrium w. The result is that the velocity of equilibrium 
of the governor (w) must, under these conditions, be smaller than 
that of the engine, and .,, the greatest velocity of equilibrium of 
the governor, must consequently be made smaller than the final 
speed V, = 62°84 revolutions. Jig. 3 gives a clear explanation 
of the position. 

Here the ascending and descending velocities of equilibrium of 
the governor are traced in thick lines, and marked with arrows. 
These diagrams of v and w are almost rectilinear, and are supposed 
to belong to a governor which has been rendered astatic by the 
method explained in the Author’s former Paper. The mean 
velocity chosen is equal to the geometric mean between the 
extreme speeds w, and ©, If we take one of these, Q, = 62 


revolutions, and w = 61°21 revolutions, the other may be found as 
follows :— 


61°21 x 61:21 = 62 x w,, from whence w, = 60°43 revolutions. 
As to the diagrams of velocities V, and V;, Fig. 3, they are 
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suppositions. The extreme points alone, D and G for V,, and 
F and H for V, can be determined with certainty, if the sleeve has 
been able to reach the end of its travel during expansion; for 
the law of variation of the velocity V,is known as a function of 
the position of the crank, but not of the position of the sleeve. It 
will simplify this explanation if the accuracy of the diagrams V, 
and V, be admitted. 

The sleeve of the governor being at the height A, the engine 
runs first at the normal speed represented by the length AC; the 
governor will move and ascend as soon as the velocity equals the 
value of w, = AD = 6°317 feet per second, corresponding to 61°31 
revolutions. It is seen by the position of the point X on the 
diagram of V, in Fig. 2, that the governor will begin‘to rise 


Fig. 3. 


0 (e~ 6162 Stent 62 V,, 62:84 


FRICTION ONLY 
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FULL LOAD 
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V-59 34 @)77-60-43 S2,-61 21 


between points 12 and 13, when the crank has described a curve 
of 0°938 foot from the beginning of the back stroke.!1. The sleeve 
will then rise, and ought at latest to have reached its highest 
position when the piston has arrived at the end of the stroke. 
The time the piston takes to pass from the position X to the end 
of the stroke may be calculated, the mean speed of the crank-pin 
traversing the distance of 2°154 feet in this time being given. 
This mean is 6°433 feet, and the time occupied 0°335 second. 

In the second case here treated, the sleeve of the governor is at 
the height B, Fig. 3, the engine is running empty at its normal 
speed 61°21 revolutions, and «with almost perfect regularity. At 


1 It may be objected that the governor will move during the ordinary working 
of the engine, since the fly-wheel allows a velocity of 6-353 feet. But the same 
reasoning would hold good if we suppose the loaded engine to be Tunning at a 
mean velocity inferior to its normal speed of 61°21 revolutions. 
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the beginning of expansion, during the back stroke, the load is 
suddenly thrown on, and the speed diminishes rapidly, as shown 
by V,in Fig. 2. The sleeve begins to fall as soon as the speed 
has become equal to BF, Fig. 3, which occurs towards the 
beginning of expansion. T’he mean speed of the centre of the 
crank-pin is 6°215 feet, and the duration of expansion 0°366 
second. The speed at the end of the stroke is 6:117 feet, corre- 
sponding to 59°34 revolutions. 

For reasons given above, the governor ought, therefore, to be so 
adjusted that, if the first case happens, the sleeve, acted upon by 
the excess of actual centrifugal force over that which establishes 
the equilibrium, should, starting from the height A, reach the 
highes€ part of its travel in less than 0°335 second. Should the 
second case occur, the sleeve, starting from the height B, ought to 
have reached the lowest end of its travel in less than 0°366 second, 
influenced by the lack of centrifugal force, which has decreased 
below that establishing the equilibrium. To choose the tachometer 
and calculate its mass and dimensions in accordance with these 
conditions is a matter of great difficulty. The Author proposes 
the problem, and is of opinion that the arithmetical part of it 
may be approximately solved by simplifying it with appropriate 
hypotheses. He thinks that regulators with springs alone might 
be sufficiently quick. It would be interesting, though laborious, 
to study the slow action of ordinary governors. 

Finally, let it be supposed that in the first case the governor has 
suppressed the admission from the end of the stroke considered. 
Henceforth at each stroke the fly-wheel will lose 1,205:1 foot-lbs. 


, 3621 
in power, but as it possesses an excess of yr { V< final — V* mean} 


ein = 3°2 strokes that it will be 
reduced to the mean velocity, and that the sleeve will fall a little, 
in order to furnish 1,205°1 foot-lbs. of work per stroke. This 
operation will doubtless cause it to oscillate slightly. It is of 
course desirable that the sleeve should fall as soon as the mean 
velocity of 61°21 revolutions has been re-established, and therefore 
it is well to make the maximum descending velocity of the sleeve, 
or w., equal to the average velocity. In Figs. 1 and 3 the Author 
has assumed that this takes place. 

Similar considerations apply to the second case and its conse- 
quences. Here, however, the increase of motive power per 
revolution, which is needed to restore the normal speed, starting 
from 59°34 revolutions, is arbitrary. If, for example, the normal 


= 3,888 foot-lbs. itis only after 
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conditions are to be restored after two revolutions, an increase of 
work equal to se {V? mean — V; final} = 2+62°4 foot-lbs., 
must be exacted per revolution, or 15 per cent. of the work 
required under normal conditions, and with the maximum load. 

If a governor has been so calculated that it fulfils the extreme 
conditions here defined, it will bring back the velocity to the 
normal rate whenever it deviates from it, and will keep it within 
the assigned limits, whatever may be the load thrown upon the 
engine, if this load does not exceed the fixed maximum limits. 
But the momentum of the fly-wheel must also be calculated, that 
it may powerfully assist the governor, should urgent need arise. 





The communication is accompanied by a diagram and two 
sketches in the text, from which Figs. 1-3 have been prepared. 
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(Paper No. 2517.) 


“Investigations on the Influence of Heat on the Strength 
of Iron.” * 


Report of Professor Martens. 


@ranslated and abstracted by Grorce Rupotry Bopuer, 
Assoc. M. Inst. C.1. 


In the year 1886 two technical societies, the “ Verein zur Befoer- 
derung des Gewerbfleisses,”’ of Berlin, and the “ Verein Deutscher 
Kisenhuettenleute,” of Dusseldorf, proposed to carry out experi- 
ments on the influence of heat on the strength of steel (Flusscisen) 
of various grades of hardness. A commission, representing both 
societies, was appointed to agree upon the plan of operations, and 
consisted of the following members :— 

On the part of the “ Verein fuer Gewerbfleiss ” :—Privy-councillor 
Dr. Wedding, president; Mr. Hoppe, machine manufacturer, of 
Berlin; Professor Ludewig, Berlin ; Mr. Martens, engineer, Berlin. 

On the part of the “ Verein Deutscher Hisenhuettenleute ” :— 
Mr. Brauns, Dortmund; Mr. Massenez, Hoerde; Mr. Minssen, Essen ; 
und, after the death of the last-named, Mr. Asthofer, also of Essen. 

In the original’ the Author states at length the reasons which 
led the “ Verein fuer Befoerderung des Gewerbfleisses ” to act in 
concert with the other society for the purpose of instituting ,the 
investigations in question. It was considered that previous 
experiments had not been sufficiently uniform and exhaustive, 
especially with iron and steel up to a temperature of 600° 
Centigrade. 

The commission decided on the following points as a basis for 
the conduct of the experiments :— 

1. The method of producing the material shall be left to the 
ironworks; but the latter shall be requested to report as accurately 
us possible on the nature of the process adopted, as well as upon 


? Mittheilungen aus den Koeniglichen tevhnischen Versuchsanstalten zu 
Berlin, 1890, p. 159. 


(THE INST. C.E. VOL. CIV.] P 
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all details important for judging of the material, and of its 
particular condition. 

2. The material to be tested shall be mild steel, and must 
be grouped according to its strength. Four groups are to be 
formed, corresponding to the stress-intervals 22°86, 26°67, 30°48, 
and 34-28 tons per square inch (in annealed condition). The first 
group to be of the quality of rivet-steel. 

3. If at all practicable, only carbon is to be used for determining 
the grade of hardness; the other constituents must be as far as 
possible subordinate, and present, at least approximately, in equal 
quantities. 

4. The material for each of the previously-mentioned groups is, 
as far as possible, to be taken from a single bloom, but in any case 
from a single heat. The individual pieces are to be rolled into 
round bars of about 1°5 inch diameter, the saine proportion of 
stretch and the same temperature being employed for all. 

5. From each of the four groups at least 229 feet 8 inches of round 
bars in all will be necessary, which are to be furnished in parts, 
the length of which must be a multiple of 3-15 inches. 

6. The test-pieces are to be again annealed in the Berlin 
Experimental Institute by some uniform process before the com- 
meucement of the experiments. 


I. Tue Test-Marentat. 


Thirty-four bars of 1°5 inch diameter were furnished by the 
Hoerder Bergwerks- und Huettenverein of Hoerde, formed out of 
two charges, having a strength of 22:86 and 26°67 tons per 
square inch. 

From each charge three blooms were used, and the bars so marked 
that it could be recognized to which bloom they belonged. 

The Union-Aktien-Gesellschaft fiir Bergbau, Eisen- und Stahl- 
industrie, of Dortmund, furnished twenty-one bars of 1°5 inch, 
derived from two charges, but not so marked that their origin 
could be recognized. 

As to the method of manufacture, it was agreed between the 
two works that the bars should be forged from 9-84 inches square 
blooms down to a section of 4°32 inches square, freed from the 
rough ends, and then rolled to a diameter of 1-5 inch in lengths of 
26 feet 2:97 inches to 52 feet 9°71 inches. 

In order to neutralize as far as possible the effect of inaccuracies 
on subsequent comparisons, the test-pieces cut from each length 
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were consecutively numbered and selected for testing in the 
corresponding order. 

For the purpose of annealing, the rough test-pieces were packed in 
lots of seventeen or eighteen in cast-iron muffles, the covers of which 
were coated with clay, the muffles having been previously charged 
with a cake of clay furnished with strips of lead, tin, zinc, and 
aluminium. Each muffle held two layers of bars, one above the 
other, and two mufiles were always placed side by side in the an- 
nealing furnace. Through the roof of the latter a graphite pyro- 
imeter was inserted in such a manner that its lower end was 
between the two mufiles. 

A degailed record of each annealing was made, and in the 
original an example of one of these records is given. In most 
cases it could be seen after annealing that the aluminium had 
been softened. 

Test-pieces of similar quality were tested as they arrived from 
the manufacturers, and also after annealing. The results of those 
tests are stated in a tabular form in the original. 

The material furnished for Group IV, which should have had a 
tensile strength of 34°28 tons per square inch, was found not to 
conform with the required standard, and was in the first instance 
excluded from the investigations. 


TI. Tine Experiments. 
A. Arrangements. 


The testing of the unannealed normal test-pieces was carricd 
out in the manner usual at the Experimental Institute. For the 
tests at higher temperatures, however, the form of test-piece 
shown in Fig. 1 was finally adopted. On the conical shoulder of 


Fig. 1. 





Form or TEsT-PIECE. 


the test-piece the heating furnace was supported, the arrangement 
being as follows :— 

The test-piece was placed in a vance having a clear width of 
about 4 inches, which could be filled (up to 200°) with paraffin, or 
(up to 600°) with molten meta]. This vessel was surrounded by 

















* Either alloys of lead and tin or lead only. Previous experiments had shown 
that lead was not absorbed by the steel within the time required for a test. 
ep 2 


212 MARTENS ON THE INFLUENCE OF HEAT [Selected 


an iron jacket into which the flames of two gas-jets could be 
introduced through lateral slots. The escape of the fire-gases 
could be controlled by means of a slide. The burners were con- 
nected to the frame of the 50,000-kilogram testing-machine, and 
carried through the water-main. Each flame was 4°32 inches 
wide. 

The test-piece and furnace together were supported in the 
machine from the heads of the piece by means of spherical socket- 
bearings in the well-known way. The size of the flames could be 
regulated by altering the supply of gas and air to the jets. The 
temperature of the bath of molten metal or paraffin was determined 
up to 400° by the help of a mercurial thermometer filled with 
nitrogen, by Geissler, of Bonn, and at higher temperatures by an 
air-thermometer with iron air-vessel, the construction and regula- 
tion of which was at first attended with many difficulties. 

The tests, in a cold condition at —20° Centigrade, were carried 
out in a zine vessel with double walls, which was also secured to 
the cone of the test-piece. The inner, as well as the outer vessel, 
after several unsuccessful preliminary trials, was filled with a 
powdered mixture of ice and salt. In this way a temperature 
very near— 20° Centigrade could be maintained for a considerable 
time. The outer vessel was surrounded with a jacket of asbestos 
und a layer of sawdust. The load was measured either by means 
of weights placed on the attachment on the right-hand side of the 
testing-machine, or through the automatic mechanism on the left- 
hand of the machine. <A description will be found in the “ Zeit- 
schrift des Vereins deutscher Ingenieure,” 1886, p. 171, and 
“Mittheilungen aus den Technischen Versuchsanstalten,” 1889, 
Supplementary number III. 

The measurement of the elastic extensions could not be carried 
out with the ordinary mirror apparatus ; but a special arrangement 
had to be designed with the object of placing the mirrors beyond 
the influence of the stream of hot air rising from the furnace, 
since an accurate reading with mirrors is only possible in air of 
uniform density. The elastic extension of the actual test-length 
(a cylindrical portion 8-1 inches long, and 0°79 inch diameter) 
could not be directly measured. In order to protect the knife- 
edges for the mirrors as miuch as possible from the effects of 
the heat, both measuring rods were fixed with their knife-edges 
in a groove turned in the lower part of the test-piece, and wedged 
fast by means of a ring pushed over them. The knife-edges of 
the mirror-apparatus were then adjusted between the measuring- 
rod and the test-piece in the existing marks above the furnace. 
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The elongations of the test-length could also not be directly 
observed. Instead of this, the total motion of the piston of the 
machine was determined, either by means of the existing scale for 
the stroke, or by measuring the abscissae obtained from the 
automatic recorder. 

The drum of the latter is actuated from the piston of the 
machine through a fine wire, while the pencil follows the motions 
of the quicksilver gauge, and thus describes a curve on the paper 
attached to the drum. The elongations, as well as the elastic 
alterations of form, had, of course, to be reduced to the test-length, 
as will be subsequently explained. 

The previously-mentioned scale for measuring the stroke of the 
piston { chiefly for the purpose of controlling the velocity of flow 
during the experiment. In order to facilitate this, the rod 
connected with the piston actuates, in addition to the pointer for 
the scale, a roller, the indicator of which shows the stroke of the 
piston exaggerated fourteen-fold. Itis a general rule in the Berlin 
Experimental Institute so to regulate the piston-speed that during 
the flow of the test-piece the test-length is increased by 1 per cent. 
of its original length in a minute. 

This velocity was to be maintained as far as practicable during 
the experiments in question. 


B. Method of conducting Tests. 


In ordinary tests, with the machine employed for these experi- 
ments, no measurements are taken between the moment when 
the maximum load is reached and the final fracture. In the 
present case, however, it was thought desirable to observe more 
accurately the phenomena occurring between maximum load 
and fracture, since it was evident beforehand that at different 
temperatures very considerable differences in the behaviour of the 
metal during this period would show themselves. 

For observing the decreasing tensile strength of a test-piece 
the automatic recorder on the left side of the testing machine was 
employed. ‘The course of an experiment was generally as follows: 
The test-piece, after accurate measurement of all parts, was 
pushed from below into the furnace, and a tight joint, made by 
means of the conical shoulder smeared with fine clay; the 
test-piece and furnace were then firmly connected by a nut. ‘The 
iron tube, filled with nitrogen, of the air-thermometer, was next 
placed inside the furnace, the measuring-rods of the mirror 


214 MARTENS ON THE INFLUENCE OF HEAT [Selected 


apparatus were attached, and finally the stirring mechanism and 
cover. 

After the test-piece had been fixed in the spherical bearings of 
the testing-machine, the mirror apparatus was connected. The 
adjustment of the measuring-rods and mirrors required great care, 
and in the original this adjustment is described in detail. 

Before commencing observations it was found necessary to allow 
the test-piece and measuring-rods, which had become heated by 
contact with the hand, to cool for from ten to fifteen minutes. 
All the pieces to be tested at high temperatures were previously 
tested several times at an ordinary temperature as to their elastic 
extension within the limits of proportionality, so that the oxtension 
for one ton? could be determined with great accuracy, and from 
this the modulus of elasticity. After these preliminary observa- 
tions, the gas-jet was lighted and the furnace gradually heated. 
The material for filling the inner space of the furnace was melted 
and ponred into the latter when sufficiently hot. The temperature 
up to 400° Centigrade was observed with a mercurial thermometer at 
higher temperatures with an air-thermometer. At 450° the results 
obtained from the two thermometers were compared and graphically 
recorded. A curve of a definite form corresponded with the 
roadings of the air-thermometer, but the curve varied on different 
days, so that a group of curves embraced within certain limits 
was obtained, the range of which can be seen from the following 
table :— 





ir-Thermometer. 
Mercurial Air-T omete 


Thermometer. I. eee Mites Mea! enon es ay 
\ 











Ceutigrade. From To, 
Degrees. | Millimetres, Millimetres. 
100 158 170 
2000 | 255 280 
300 335 : 365 
400, 395 430 
500 445 485 
G00 | 485 525 





For experiments under 500° comparative readings were taken 
from the mercurial and air-thermometers, in sick to deterniine 
the curve corresponding most closely with the records of the latter 


* The ton used throughout this Paper is the metric “tonne,” = 0:9842 ton 
avoirdu pois. 
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on the day in question. In this manner it was sought to neutralize 
the variations of the air-thermometers. 

The two mercurial thermometers used were calibrated before 
the experiments at 0°, 100°, and 187° (aniline vapour), and found 
correct. During the course of the experiments they were frequently 
(together with the air-thermometers) placed in boiling water, and 
it was found that gradually they indicated the boiling point 11° 
too high. The results obtained were corrected for this, but for 
various reasons the records cannot be considered as accurately 
representing the temperature actually existing in the bath. Since, 
however, the same instruments were employed throughout, the 
experiments are directly comparable with each other and relatively 
correct. The constancy of the mirror readings could be approxi- 
mately maintained by stirring the bath. 

The stirring mechanism consisted of a ring of sheet-iron, which 
could be moved up and down by means of a rod with curved handle. 
This, however, only affected the lower portion of the bath, and in 
future experiments some improvement on this device would be 
desirable. 

When the metal bath was made use of in the experiments con- 
siderable oscillations occurred in the diagrams, so that frequently 
the readings could only be correctly taken within fifteen to 
twenty or sometimes even thirty ten-thousandths of a millimetre. 
Attempts to get rid of these oscillations were unsuccessful, and 
their origin could not be discovered with certainty. It is not 
improbable that they were due to the action of cooler currents of 
air on those portions of the test-pieces and measuring-rods projecting 
out of the bath. 

In general the mirror apparatus was employed up to the moment 
when flow commenced, and then the test-piece was relieved, the 
iuirrors removed, and the experiment repeated and continued till 
fracture with the automatic recorder in use. 

The experiments at — 20° were carried out in a similar manner. 
In the first experiments the test-piece was surrounded with a 
saline solution, having its freezing-point at exactly — 20°. If the 
outer mixture was at first too cold, it was intended that the inner 
solution should commence to deposit crystals, and that when 
towards the close of the experimené the temperature outside rose, 
the previously formed crystals should dissolve again; in either 
case the temperature would remain constant. 

The mixture in the cooling vessel, with a capacity of 29:933 
pints, consisted of three parts by weight of ice and one part of 
salt. 
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The temperature in the outer space of the cooling vessel was 
thus maintained throughout the whole experiment, which had a 
maximum duration of four hours, between — 20° and — 21° It 
was, however, found impossible to reduce the temperature of the 
saline solution in the inner space below — 17°. For this reason 
the inner vessel was also eventually filled with a freezing mixture, 
with satisfactory results. Observations taken at various points 
of the inner space always showed temperatures between — 20° 
and — 21°, Other observations were carried out as previously 
described. 


Fig. 2. 





ch. 


QUALITY J.—EXTENSION-DIFFERENCES FOR VARIOUS LOADS. 


Scale of absciesx, § millimetres = 0°001 millimetre extension-difference. 


The time necessary for bringing the test-piece to the required 
temperature before cach experiment was utilized in trying the 
recording instruments. ' 

Up to the moment at which flow commenced, the hydraulic valve 
was only very slightly opened, in order to give the apparatus time 
to follow the rapidly changing stress. Subsequently the extension 
took place at a speed of one per cent. in the minute. The form 
of the diagram immediately after the commencement of flow 
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depends very materially on whether the valve is opened instan- 
taneously and to what extent, and is therefore more or less 
dependent on the attention and will of the observer. 


C. Calculation of Results. 


Under this heading in the original the various formulas employed 
in detcrmining the required quantities from observed readings 
and data are given. 


Fig. 3. 
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III. Resutts or Experiments. 


The main results are given in a tabular form in the original, 
but for convenient comparison are also graphically represented. 
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In figs. 2 the extension differences, corresponding to the various 
loads, are shown for different qualities of metal (I, IT, and III) 
and various temperatures. These diagrams allow an opinion to be 
formed of the degree of accuracy obtained, and also on the question 
as to how far the material can be credited with a proportional 
extension. From the decreasing length of the parallel portions of 
the curve-groups with increasing temperatures, the lowering of 





25000 KGS 
P.SQ.M.M. 


20000 


45000 


120% 8, 


QuaLiry 41. 


the limit of proportionality is plainly visible. Even at 300° it 
appears questionable whether the test-pieces can be truly said to 
show any proportional extension. 

In Figs. 3, 4, and 5 the chief results are delineated for the 
three qualities of material, respectively I, II, and III. 
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The quantity represented by each curve is denoted by the 


Fig. 5 
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letters at the Cominencement of each on the left hand, the meaning 
of the notation being as follows :— 


45 Percentage of elongation per ton of load. 

6 Percentage of elongation at the limit of stretch (Streelgrenze),! 

bp 99 5 i. proportionality (Proportion 
alitaetsgrenze).? 

Ke Modulus of elasticity, 





' The “limit of stretch ” ig What is popularly termed the “ limit of elasticity,” 
and, more correct] y, “‘ yleldiug-point,” where flow of the metal commences, 

* The “ limit of proportionality ” ig the point up to which stress and strain, 
accurately measured, remain proportiona). 
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q Contraction of area in per cent. 

o; Maximum stress. 

sc, Breaking stress. 

6, Percentage of elongation at fracture. 

o, Stress at limit of stretch. 

§, Percentage of elongation at maximum load. 
op Stress at limit of proportionality. 

500 Percentage of elongation in 200 millimetres. 


the elongations, except where otherwise stated, are referred to the 
test-length of 206 millimetres. 

Figs. 3 to 5 show very clearly how the stresses o, and o, decrease 
considerably from — 20° up to about 50°, and after that rapidly 
increase © until they attain a maximum at from 200° to 250°. This 
maximum value is for all the qualities of material tested con- 
siderably in excess of the value for + 20°, and by the following 
amounts :— 


Quality. Excess for |  Iixcess for 


(Grade of on 72 
Hardness. ) 


Per Cout. | Her Cent. 


27 
20 








The curves for o, follow a similar course. On coiparing the 
curves for o, and o,, it will be found that the maxima and minima 
occur at nearly the same temperatures. The following are the 
ratios of o, to co, In per cent. for various temperatures, as 
calculated from the mean values obtained :— 






































Ratio for 
Quality of 

Material, pe aa teen eemeea a ~ 
— 20° | + 20° 100° | 200° j} 300° | 400° | 500° | 600° 
x a _! an renee fe rs 

| | 
er 76 75 77 86. 96 689 12 
Mm. .| 8 | 82 | 8 | 9 96 , 7%, 48 7 
LED > % 7 ! 74 79 91 96 | 84 49 16 





With the exception of some of the test-pieces (of quality III), 
supplied by the Union Company, the material which is strongest 
in a cool state remains so when heated. ; 

The diagrams, Figs. 6 and 7, allow a comparison of the 
leading results for all three qualities of material tested. Qualities 
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Yand II were supplied by the Hoerde Company, quality III by 
the Union Company. 

In general the last of these (IIT) exhibits the same character- 
istics in regard to the values of co, and a, as the other two, but 
deviates noticeably from the latter at 300°. The elongation 6, in- 
creases between — 20° and + 20°, and then, for the ‘“‘ Hoerde ” 
material, decreases and reaches a minimum at about 130°. From 
this point the curves rise again up to between 280° to 330° and 
then fall. For the “Union” material (JIT) the minimum value 
of 6, is attained only at 300°, and the curve afterwards rises, a 
maximum occurring at 400°. Similar differences are also to he 
observed in the character of the curves for 6,. 

The féllowing Table, compiled from the mean observed values, 
gives the ratios in per cent. of 4, to 4, for various temperatures :-— 












































Quality of Ratio for 
Material, | --~-——-----~ ~~~ - ee 
| 
~— 20° | + 20° 100° | 200° 300° 40U° | G00 600° 
J 78 | 76 76 79 73 36 20 [28] 
11 75 1 79 68 76 81 58 19 8 














In Fig. & the stress diagrams for material of quality II are 
reproduced. The limit of stretch, in each diagram, is denoted by 


Fig. & 





~20° €00%20° 100° 200° 300° 460" 500" 


Srress Dracrams For Quanity II anp TEMPERATURES ~— 20° To 600°. 


S, the point of maximum stress by B, the point of fracture by Z. 
At 400° the material has assumed the character of the soft metals, 
zinc for instance. The irregularities at the points a and b occurred 
when the flow extended to the shoulders of the test-piece, beyond 
the actual test-length. 

The variations in the contraction of area are extraordinarily 
great. For all three qualities of material the smallest value of 4, 
the reduction of area, occurs at 300°. 
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The stress at the limit of proportionality increases with rising 
temperature between — 20° and + 20°, reaching a maximum 
about + 20°, it then falls slightly to 100°, and at 200° attains a 
second higher maximum, subsequently falling rapidly. The 
elongation at the limit of proportionality 6, is subject to no 
appreciable alterations. For the stresses usual at ordinary tem- 
peratures the engineer may therefore reckon, in steel heated 
even up to 200°, on elongations proportional to the load and on 
sufficient safety. It would, however, scarcely be safe to draw 
conclusions from the results of these experiments as to the 
admissible working stress for temperatures over 200°, or for 
frequent changes of temperature ranging from 150° to 350°. 
Reliable values in such cases could only be arrived at by ‘repeated 
tests, continued for long periods (Dauerversuche), with the metal 
in a heated state. 

The question of the safety of iron structures may be influenced 

by the peculiar behaviour of the material at 300°. At this 
temperature the strength is greater, but the reduction of area 
and elongation less than in a cold state. Fracture occurs suddenly 
without previous contraction, the metal exhibiting a certain 
brittleness, which also finds expression in the appearance of the 
fractured surface. On this account it is questionable whether at 
300° steel is capable of resisting repeated shocks. 
The original is accompanied by facsimiles of photographs of the 
test-pieces after fracture, arranged in groups according to the 
temperatures at which they were tested. From these a tendency 
is evident for the fracture to occur at a particular part of the 
piece for each temperature. This is probably due to want of 
uniformity in the heating of the piece, causing it to yield in the 
coldest or hottest part, according to the effect of heat at the 
different temperatures. 

At each temperature the character of the fracture has also a 
distinctive form. 
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(Paper No. 2527.) 


“ Authorities on the Steam-Jacket: Facts and Current 
Opinions.” 
By Professor R. H. Txurston.! 
_Abstracted by Bryan Donkin, Jun.; M. Inst. C.E. 


In this Paper the Author summarizes the opinions entertained, 
and experimental data furnished by leading scientific engineers 
respecting the use and advantages of the steam-jacket. He begins 
by: quoting a phrase of Mr. G. A. Hirn, “that the effects of the 
steam-jacket have been alternately vaunted and denied, but the 
public have never yet been put in possession of the actual facts.” 
Such, even at the present day, is for the most part the state of 
knowledge upon the subject. 

Knowing the differences of opinion which exist as to the value 
of the steam-jacket, and its relative efficiency under different 
circumstances in ordinary practice, it has been deemed desirable 
to examine and summarize the views of some of those who have 
studied the subject. Much uncertainty still prevails as to the 
effect of the jacket, and it is an open question whether it is 
of any practical utility at all. Under these circumstances there 
can be no better method of clearing up doubtful points than that 
here adopted by the Author. ‘To bring together the opinions 
of so many authorities must lead to a certain unanimity of judg- 
ment, and this, as will be seen, is in favour of retaining the jacket 
as a means of increasing the economy and efficiency of the steam- 
engine. A correct theory, when it is obtained, will show that the 
jacket may be either a decided advantage, an unimportant appen- 
dage, or have a deleterious effect upon the working of the steam- 
engine. 

The Author does not here profess ,to give his own views on the 
subject of the steam-jacket. They had been already laid before 
the public in a paper on “ The Philosophy of the Multiple-Cylinder 


! The original Paper was presented to the American Society of Mechanical 
Engineers in November 1890. 
(THE INST. C.E. VOL. CIV. | Q 
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Engine,” presented to the American Society of Mechanical 
Engineers, November 1889. In it he says that steam-jacketing 
is a common partial remedy for waste, and may be made to 
produce the effect of superheating, that is, to secure drier steam 
in the engine. High-speed engines derive less advantage from it 
than those of low-speed ones, and the economy is not so marked in 
compound as in single-cylinder engines. The saving effected 1s 
about 20 per cent., and a similar gain may be obtained by super- 
heating. In compound engines the Author considered it advisable 
to jacket the whole series of cylinders, since “to omit the jacket 
from any increases the aggregate loss of heat in the whole engine.” 
The greater the piston-speeds, the less the necessity for the jacket, 
and it is not unfrequently omitted from marine engines, which 
attain a speed of 1,000 feet a minute, while slow-moving pumping 
engines must be jacketed to work economically. The actual 
numerical value of the economy obtained by the jacket can only | 
be determined by collating the numerous experiments made by | 
indepondent observers. | 
The steam-jacket was invented by James Watt, and patented in > 
1769. His attention was drawn to the waste of heat in the 
engines he had already made, which he attributed to the intro- 
duction of the steam into a chilled cylinder, and he laid down the 
obvious principle, still valid after 120 years, that it is necessary to 
keep the cylinder always as hot as the steam which enters it. 
This he proposed to do either by covering it with a non- 
conducting material, or by surrounding it with a heated body, 
such as steam. From that day to this, therefore, the steam-jacket _ 
has been more or less a necessary adjunct of economical engines. 
The phenomenon of cylinder-condensation was certainly known to 
Watt. Although he does not appear to have fully understood the 
theory of the steam-jacket, he always employed it, for he found 
that when he tried to lay it aside, the consumption of fuel was 
much greater. It was only in later years that its use was 
discontinued by engineers who did not understand that the type 
of engine, and the quality of the steam, often diminished, and 
sometimes wholly annulled, the advantage of the steam-jacket. 
The first of modern writers to draw attention to Watt’s jacket 
was Combes. In the Comptes Rendus of the French Académie 
des Sciences, 1843, he says that the object of the jacket is to 
maintain the temperature of the steam, and to prevent con- 
densation during expansion, and that it gave an economy of 
about 36 per cent. In 1844 Mr. Gill found that even where the 
steam is dry, and no loss by radiation takes place, a loss of heat 
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caused by the sudden evaporation of the steam, in other words, 
cylinder-condensation ensues. This theory was verified by Mr. 
Farcot, a French engineer, who, as early as 1848, built compound 
engines with both cylinders jacketed. 

But the honour of establishing the theory of the steam-jacket on 
a firm experimental basis unquestionably belongs to Hirn. He 
introduced a new method of gauging the heat of an engine, and 
his researches materially contributed to the elucidation of the 
subject. In every trial he measured the quantity of water 
entering the boiler and there turned into steam, the quantity of 
steam in the cylinder, and the heat transferred to the metal from 
the steam, and returned to the steam too late to transform it into 
mechanical energy. He found that the economy produced by the 
steam-jacket was 234 per cent. This was obtained not by actual 
diminution of the quantity of fuel and steam consumed, but by 
augmenting the amount of work done by the engine. From this 
he deduced the principle that the influence of the steam-jacket 
consisted in preventing the partial condensation of the steam 
during expansion, and the resulting Joss of pressure. The 
quantity of heat consumed by the engine must alone be taken 
as the true measure of its efliciency. If the theoretical value 
of the engine be calculated without reckoning the waste found in 
actual practice an error of 30 to 60 per cent. may arise, and this 
will be increased if the waste produced by heat taken up by the 
exhaust-steam be neglected. Hirn found that the walls of a 
single-cylinder engine give up the same amount of heat to the 
steam with as without a jacket, but in the former case the heat is 
yielded during expansion, costs nothing, and adds to the work 
done, while without a jacket this heat is passed into the condenser 
without doing any work, because it evaporates the condensed 
water after the exhaust-valve has opened. This has been con- 
firmed by subsequent experiments. But whatever the result 
obtained with compound engines, the value of the jacket with 
single-cylinder engines is incontestible. Huirn’s able coadjutor 
Hallauer considered that this type of engine can with the aid of 
the jacket be made as efficient as the compound. But both 
Hallauer and Hirn thought that the advantages gained by super- 
heating the steam were still greater than those of a jacket. 
With a compound engine a gain of 20 per cent. was obtained 
by using superheated steam to 410° Fahrenheit; with a single- 
cylinder engine with steam superheated to 437° Fahrenheit, 
an economy of 31 per cent.; and when the temperature of 
the steam was raised to 473° Fahrenheit a gain of 47 per 
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cent. was noted. Superheating gives an advantage to a single 
cylinder over a compound Woolf engine of nearly 144 per cent., 
both working without a jacket. 

Superheating, however, has not found much favour with engi- 
neers because of the wear and tear to the engine. John Penn 
appears to be the only authority who recommended it; he was of 
the opinion that to superheat the steam before it enters the 
cylinder is preferable to the use of a steam-jacket, and believed it 
to be possible in large marine engines thus to secure dry steam 
throughout the stroke. 

As early as 1858 Professor Rankine recognized that the 
principal effect of the jacket invented by Watt is “to prevent 
the liquefaction of steam in the cylinder.” This condensation, 
however, he attributed only to the quantity of steam condensed 
during the expansion in the preceding stroke, which was very 
small. Still he thought it possible, by the use of a jacket or 
superheated steam, greatly to diminish the loss of efficiency arising 
from the conducting-power of the cylinder. He deprecated the 
absence of a jacket, and declared that the practice of marine 
engineers proved that it was useless, if not wasteful, to employ the 
high rates of expansion suited to compound engines, if the jacket 
were abandoned. ‘The use of the steam-jacket was also advocated 
by Mr. Cowper, Mr. L. E. Fletcher, and by Mr. Labouchére. The 
latter considered that the economy resulting from it ranged from 
20 to 25 per cent. In a series of experiments reported to the 
‘“‘ Vereine deutscher Ingenieure” by Mr. Hirn, it was found that 
a condensing non-jacketed engine, when expanding ten times, 
demanded 74 per cent. in excess of the theoretical quantity of 
steam required; when cut off at one-fifth 62 per cent.; and with 
three expansions 55 per cent. excess. The addition of a jacket 
reduced these losses to 64, 54, and 48 per cent. respectively. 
Increased piston-speed produced the same effect as a jacket; an 
engine running at a speed of 3 feet per second showed a loss of 
96 per cent., with 7 feet speed the loss was 70 per cent. 

The first of later writers to describe the way in which heat is 
wasted in an engine is Mr. D. K. Clark. Writing in 1850 he 
maintained that to prevent condensation in steam worked expan- 
sively, the cylinder must be'kept at the initial temperature of the 
steam. Even with a steam-jacket, however, this condensation is 
not wholly avoided; the use of superheated steam was probably 
more effectual. In a single-cylinder engine he considered the 
gain with a jacket was about 15 per cent., and from 10 to 12 per 
cent. in the compound engine. The advantage obtained with a 
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jacket in the single-cylinder engine is due to the fact that the 
range of pressure and temperature is more in it than in each 
separate cylinder of the compound engine, betweon which it is 
distributed. Another advantage was obtained by having long- 
stroke cylinders, on account of the proportionally larger surface 
of the covers and pistons exposed to the action of the steam in 
short-stroke cylinders. 

These opinions were confirmed by Mr. Isherwood. His ex- 
periments showed that the steam-jacket is of real advantage, but 
varied in the degree of economy it confers. Where no expansion 
is used, and the cylinder is large, there is practically no gain. 
The greater the expansion and initial pressure, and the less the 
speed, the higher the efficiency with the jacket, but where con- 
densation is prevented by superheating, it has no effect. Small 
engines give an economy of 20, and large of 8 or 9 per cent., but 
the steam used in the jacket must be brought direct from the 
boiler. 

Ledieu does not wholly endorse these views. He thinks the 
steam-jacket should be applied to all the cylinders of a compound 
engine, and that with compounding, superheating and a jacket, it 
might sometimes be possible to attain an economy of 40 per cent., 
but special care must be bestowed on the construction of the 
jacketed cylinder. It is not advisable to make the cylinder and 
jacket in one piece throughout, nor to allow the boiler steam to 
pass from the jacket into the cylinder, since it has already been 
cooled. The ordinary economy of a steam-jacket he fixes at 
15 to 25 per cent. unless the heat in the jacket 1s insufficient to 
prevent cylinder-waste, when it becomes harmful instead of 
beneficial. 

The effect of the jacket upon the quantity of fuel used was 
shown in experiments by Messrs. Farey and Donkin. In a com- 
pound engine the fuel per indicated HP. per hour was 2:6 lbs. 
with, and 3-8 lbs. without, jackets; and in another, the water 
rate per indicated HP. per hour was 24} lbs. with, and 394 lbs. 
without, the jackets. In a marine compound engine built by 
Messrs. Napier, the number of revolutions fell from 63 to 58 per 
minute when the jackets were shut off. 

Turnbull thinks the steam-jacket*more effectual and economical 
when applied to compound than to single-cylinder engines, on 
account of the greater range of temperature in the latter, while 
Professor Trowbridge says the gain is greater if the large cylinder 
of a compound engine be jacketed than if a jacket be applied to 
the cylinder of a single engine. Mr. Emery fixes the saving at 
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11-78 per cent. in the latter example, and in the former at 11'72 
per cent., and his opinion of the value of the jacket is con- 
firmed by Mr.G. Holmes. Mr. Cornut, the French engineer, puts the 
gain at from 15 to 20 per cent., and he found that shutting off the 
jackets produced a sensible reduction of initial pressure. Professor 
Cotterill enunciates the useful rule that great caution is necessary 
in drawing conclusions from any special set of experiments on the 
influence of the steam-jacket. Its employment is strenuously 
defended by Mr. R. Sennett. 

Longridge gives an instance in which on an economical com- 
pound engine he obtained slightly better results without than 
with jackets. 

Loss from leakage appears to be one of the objections to their 
use, even where it is admitted that the jackets prevent con- 
densation during admission, and reduce waste. This difficulty, 
however, can be overcome. The economy obtained with the 
jacket appears to be especially marked when it is applied to 
Woolf engines with two cylinders, though Mr. Lee, an American 
engineer deprecates its use. 

A series of valuable experiments were made by Mr. Delafond 
at Creusot in 1883 upon a Corliss engine. It was found that the 
greatest economy was obtained with the jacket at equal ratios 
of expansion with higher steam-pressures, while the less the 
expansion with equal pressure, the less the economy due to the 
jacket. A gain of 15 to 20 per cent. was reported in these 
experiments. The proportion existing between expansion and 
the economy due to the jacket was clearly exhibited in Mr. 
Borodin’s valuable series of trials, where the gain was 12 per cent. 
with 34 expansions, and 16 per cent. with about five expansions. 
In one case the gain to the engine was 14 per cent. owing to a 
decrease of 8 per cent. in initial condensation; but notwith- 
standing these figures, Mr. Borodin was not on the whole 
favourable to the employment of steam-jackets for locomotive 
engines, unless they are properly constructed and thoroughly 
drained. He found that a jacket was in some cases positively 
injurious, and was always of less value with a compound than a 
single-cylinder engine. Owing to defective handling, the gain 
attested when the engine was*under cover was lost when on the 
road. 

Messrs. Crampton, Walker, and Wylie all consider the steam- 
jacket of advantage, and the latter thinks it essential to attain 
maximum efficiency. From motives of economy it is frequently 
discarded ; and there is no doubt that cylinder-waste takes place 


‘Papers.] THURSTON ON AUTHORITIES ON THE STEAM-JAOKET. 231 


in spite of the jacket, especially in the high-pressure cylinder of a 
compound engine. Professor Ewing thinks the jacket useful with 
slow-running engines when well drained, increasing their efficiency 
20 to 25 per cent., but of small benefit in high-speed engines. In 
a single-cylinder pumping-engine running at 20 revolutions per 
minute, Mr. Mair-Rumley reported that the steam used was 22 lbs. 
per ILHP. per hour with a jacket, and 264 lbs. without. In the 
latter case the cylinder-condensation was from 25 to 37 per cent. 
more. Professor Dyer, when reviewing Mr. Willans’ experiments, 
pointed out that the use of the steam-jacket was no longer so 
imperative as formerly, since the steam was maintained at a more 
even temperature by the successive cylinders of a compound 
engine. The ideal function of a jacket was simply, he considered, 
to prevent condensation, but unfortunately it also acted as a boiler. 
In the compound engine it generated steam in the low-pressure 
cylinder, which, instead of doing work, passed immediately to the 
condenser; and it was better this steam should be sent on in the 
form of water. The sub-division of expansion into successive 
steps economized the steam better. The use of a steam-jacket also 
violated a fundamental law of heat-engines, namely, that they 
should receive their heat at the maximum, and give it out at the 
minimum temperature, instead of at an intermediate temperature. 
Professor Dyer is, however, willing to allow that a steam-jacket is 
of advantage where the ratio of expansion is large; but he thinks 
super-heating a better method of reducing waste. 

Professor Schréter, of Munich, gives particulars of a set of 
experiments conducted by him on a triple-condensing Sulzer 
engine, jacketed throughout. The boiler-pressure was 150 lbs., 
ratio of expansion 24, and the quantity of steam per 1.HP. per 
hour 15°2 lbs. Remarkable results were also obtained by Professor 
Reynolds! at the Whitworth Laboratory, Manchester, with three 
independent cylinders combined in a triple-engine. In this very 
economical engine the loss by shutting off the jackets was about 
18 per cent. 

Professor Dwelshauvers-Dery, of Liége, subjected these figures 
to analysis, and found that the cylinder-jackets afforded a net gain 
of 17 per cent., due to their action in promoting efficiency of 
working, apart from the thermodyn&imic efficiency. The famous 
experiments of Hirn showed, according to Mr. Dwelshauvers- 
Dery, a gain of 25 per cent. caused by super-heating; but to 
super-heat the steam of a cylinder already jacketed did not, he 
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thought, add to any appreciable extent to its efficiency. Such 
were also the views entertained by Hirn himself, who, only a few 
weeks before his death, declared that “the use of super-heated 
steam absolutely dispenses with the need of a jacket.” A manu- 
facturer of Roubaix, however, found that with super-heated steam 
in the jacket the speed was increased nearly 10 per cent. 

Mr. Mallet, a French engineer, says that the utility of the 
jacket is so much the more as the difference of temperature is 
greater between the walls of the cylinder and the initial steam. 
He thinks the jacket most advantageous on a single-cylinder 
engine, while Professor Unwin would apply it in all cases and 
to all cylinders, provided ordinary steam be used; “but the 
advantages may diminish to an amount not worth the interest on 
extra cost.” 

Two American engineers, Worthington and Edwin Reynolds, 
advocate the use of the jacket. In some of Mr. Reynolds’s experi- 
ments on a compound engine at 12 revolutions per minute he 
obtained an economy of 33 per cent. with jackets. Driving the 
engine up to 56 revolutions, the gain fell to 9 per cent. Pumping 
engines, when tested, showed a decided saving with the jackets ; 
and Mr. Reynolds’s experience leads him to conclude that a marked 
advantage is obtained where the larger cylinder is jacketed with 
boiler-steam over jacketing with steam of lower pressure. Two or 
three manufacturing firms, among them the Westinghouse Co., 
think the economy obtained with the jacket hardly compensates 
for the cost of construction. Mr. Leavitt considers the jacket 
advantageous for every kind of cylinder. Mr. Hill concurs, if 
proper conditions be maintained, and summarizes his views as 
follows :— 

1. The Galaeeeret: is best adapted to low speeds and high 
expansive-engines. | 

2. For high pressures, with wide range of expansion and 
temperature, it is desirable to have a jacket. 

3. The higher the ratio of expansion, the greater need for the- 
jacket. 

4. With super-heated steam it is comparatively valueless. 

5. With compound or triple-engines the high-pressure cylinder, 
if little expansion be used, sHould not be jacketed. 

Professor Schréter deduces the following conclusions from his 
experiments :— 

1. The value of the jacket may vary within wide limits, or 
become negative. 

2. The shorter the cut-off, the greater the gain with a jacket. 
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8. The use of higher pressure in the jacket than in the cylinder 
is of advantage. The greater the difference the better. 

4, The high-pressure cylinder may be left unjacketed without 
much loss; the others should always be jacketed. 


The following Table (pp. 234-237) gives a list of the experi- 
ments cited by Professor Thurston. 
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(Paper No. 2503.) 


“On the Sewerage and Sewage Disposal Works of the 
Borough of Dudley.” 


By Epwarp Dimmack Marten, M.A., Assoc. M. Inst. C.E. 


Tue difficulty of dealing with the sewage of the pdpulous 
district which overlies the celebrated South Staffordshire ten-yard 
seam is enhanced by mining-operations. Wherever this coal 
is worked the surface is more or less affected, and subsides or is 
“drawn,” sometimes gradually, but sometimes with such sudden- 
ness as to endanger life. Water-pipes of the ordinary description 
are frequently fractured by these movements, which often cause 
considerable leakage at the joints. So much is this the case 
that the Author’s father, Mr. Henry John Marten, M. Inst. C.E., 
many years ago found it necessary to design a special socket to 
obviate the difficulty. Some of the canals which intersect the 
district are now carried upon embankments, 20 feet in height, 
over ground which, within the memory of man, was on a level 
with their banks. It will readily be understood that these sub- 
sidences, which are of every-day occurrence in the Black Country, 
seriously interfere with the work of the sanitary engineer. 

The difficulties are not so formidable in the towns themselves 
as in the districts which surround them, since in most cases the 
value of the surface-rights in towns, and the necessity of afford- 
ing vertical and lateral supports to buildings, make any mining 
operations thereunder impracticable, and it is generally, but not 
always, found possible to construct and work a system of internal 
sewerage. Itis mainly in connection with outfall and intercepting 
sewers laid outside town limits that the troubles accruing from 
mining-operations are experienced. 

Whilst, moreover, the mining in this district is a standing 
cause of leaky sewers, it is at the same time emphatically a 
reason why they should be watertight. The South Staffordshire 
Mines Drainage Commissioners have spent large sums of money in 
draining the coalfield and in constructing works to prevent water 
finding its way into the mines, and they very properly watch with 
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a jealous eye any action which may possibly add to their pumping- 
expenses. Al] sewers constructed outside the actual town district 
have to be laid in a thick bed of puddled clay, and sometimes are 
required also to be of cast-iron. 

Sewage-farming within the mining-area would be attended with 
great difficulty, as even if a sufficiency of surface land could be 
acquired without the vast expense of purchasing the minerals 
below, anything in the shape of irrigation would be open to 
suspicion, as likely to send water into the mines, and would 
probably be opposed by the Mines Drainage authorities on that 
ground. Precipitation, aided by artificial filtration, is practically 
the only process available for the central towns of this distriot, 
unless fhe sewage can be conveyed by some means over the inter- 
vening mining ground on to the non-mining terra firma which 
surrounds it. Precipitation, however, is also attended with con- 
siderable difficulties, because to enable the necessary works to be 
constructed, the first requirement is suitable land, the mines and 
minerals underlying which must be purchased. This adds con- 
siderably to the cost, and further difficulties are often experienced 
on account of the operations of adjoining mine-owners, which 
have a tendency to “draw” the site and the structures erected 
upon it. 

The municipal borough of Dudley has a population of about 
46,000, the town itself containing about 30,000 inhabitants, while 
the remaining 16,000 are scattered among the mining villages 
which lie within the borough boundaries. It is situated upon 
a ridge running nearly north and south, and forming a portion 
of the watershed of England, the natural drainage of the town 
being partly into the Severn basin, and partly into the Trent 
basin. Some of the houses stand at an elevation of over 800 feet 
above sea-level; and the lowest part of the ridge, where it passes 
through the town, is 660 feet above sea-level. ‘The districts to be 
drained lie on each side of the main hill, extending as far down as 
590 feet above sea-level, so that it is only possible to deal with the 
whole sewage of the town at any one point, by means of long lines 
of intercepting sewers connected by a tunnel about 4 mile in length 
through the ridge. To these difficulties, arising from the confor- 
mation of the ground on which tht town is built, were added 
those arising from mining-operations around it. 

In 1876 the Corporation purchased an estate known as the 
Russell’s Hall estate, 70 acres in extent, closely adjoining the 
western side of the town, and lying at a sufficiently low level to 
deal with the whole of the sewage from both sides of the ridge. 
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It was proposed to bring the sewage to this land by means of 
intercepting sewers traversing both flanks of the hill upon which 
the town is built, and connected by a tunnel, and to deal with 
it there by means of a combination of filter-beds and irrigation. 
The estate consisted entirely of mining-ground, and the scheme 
was consequently opposed, both by the South Staffordshire Mines 
Drainage Commissioners, and by the late Earl of Dudley, who was 
by far the largest ratepayer in the borough, and who was advised 
that the diversion, as proposed by the Corporation, of storm-water 
as well as sewage on the land, would injuriously affect his mines 
in the neighbourhood, and the streams passing through his estates, 
besides being unnecessarily costly and likely to create a nuisance. 
Mr. H. J. Marten was consulted, and with the concurrénce of 
Mr. George Taylor, the agent for the surface of the Dudley and 
Himley estates, prepared an alternative scheme which was laid 
before the Town Council in a Report, on July 25, 1876. This 
scheme, after a delay occasioned by the necessity of obtaining an 
Act of Parliament—certain portions of the Earl’s settled estates 
being affected by the covenants entered into with the Corporation 
—was carried out by Mr. H. J. Marten, assisted by the Author, 
during a period extending from June 25, 1879, to July 30, 
1884. 

The town has been entirely re-sewered on the separate system, 
and upon the most modern principles. The gradients are in most 
cases so steep that practically no artificial flushing is required, and 
from the same cause a few ventilators carried up the sides of the 
houses in the higher parts of the town are sufficient, with the aid 
of the ventilating covers of the manholes, to keep the sewers free 
from noxious gases. The branch sewers are all stoneware, and 
the joints are made with tarred yarn and cement. Manholes are 
placed at every change of line or gradient. Only one case of 
stoppage has occurred since the system has been in operation ; 
and on an investigation being made as to the cause, it was dis- 
covered that a butcher was in the habit of discharging hot fat 
into the sewer. This was put a stop to, and it has always 
worked well since. The houses have, to a large extent, been 
disconnected from the old drains, which are intended to be used 
henceforth exclusively for surface-water, which they convey to 
the streams and brooks, eleven in number, forming the natural 
outlets from the town. Only such storm-water as it is impossible 
to exclude is allowed to enter the new sewers. The old drains, 
as is usually the case, were found to be of immense size compared 
with the work they were constructed to perform, and to have 
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been put in without any attempt at system, and the capital 
outlay which they represent would probably, if properly applied, 
have sufficed to put down three or four complete modern systeins 
of internal sewerage for the town. 

The sewage, collected as above described, gravitates to an inter- 
cepting-sewer along each side of the ridge upon which the town 
is built. These intercepting-sewers, whose flattest gradient is 
5 feet per mile, converge upon the Russell’s Hall Estate, the 
northern one being for the last 4 mile in a tunnel which is in some 
places more than 100 feet below the surface of the ground. The 
hill through which this tunnel passes has been formed by an 
upheaval of the Upper Silurian Limestones, which here form an 
anticlifal, from the summit of which the coal measures have been 
denuded. No trouble, consequently, was experienced from mining 
operations in driving the tunnel, though the intercepting-sewers 
themselves suffered greatly from this cause. They had to be laid 
almost entirely in a thick bed of puddled clay, and as near the 
surface of the ground as possible, which added seriously to their 
length, as it was necessary to follow the contour of the land. To 
show the difficulties which have to be contended with in a mining 
country, the Author may mention that during the construction of 
the works, he found one morning that some 30 yards of the new 
sewer had disappeared bodily into the workings below, leaving 
nothing to be seen except a deep hole resembling the crator of 
a voleanu. ‘This accident rendered necessary a somewhat costly 
deviation from the line originally selected. 

At Russell’s Hall Estate, the liquid is first sent through rough 
strainers formed of broken blast-furnace cinders, and capable of 
removing the heavier solid matters; it is then passed into a small 
reservoir or storm-water catch-pound, formed partly by excavation 
and partly by embankment, and capable of holding about 2,500,000 
gallons. This storm-water catch-pound is situated upon the upper 
part of the Russell’s Hall Estate, and the level of its top water- 
line is 544 feet above Ordnance Datum. There is a considerable 
fall between this and the River Smestow, 44 miles to the west- 
ward, the bed of which is 344 feet lower. Still going westward, 
the country rises rapidly for the next mile beyond the river to 
the summit of a range known as the Black Hills, which is 426 fect 
above Ordnance Datum. From this point there is a gradual fall 
westward for some miles. The sewage, collected as abové described 
into the storm-water catch-pound, is delivered by gravitation 
through a 13-inch cast-iron main, acting as an “ inverted siphon,” 
across the valley of the River Smestow, on to the summit of the 
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Black Hills above referred to, near the Whitehouse Farm, in the 
centre of a considerable area of land belonging to the Harl of 
Dudley. This 13-inch main is 54 miles in length, and the 
average fall between the catch-pound and the point of delivery at 
Whitehouse Farm is about 214 feet per mile. It will be observed 
from the plan and section, Figs. 1 and 2, p. 243, that the pipe 
follows all the irregularities of the land along which it is laid, 
with rising gradients in the steeper parts, ranging from 1 in 10 to 
1 in 21, the total rise from the bottom of the valley to the White- 
house Farm being 210 feet in a length of ? mile. 

There is an overflow weir at the top-water level in the catch- 
pound, but the Author is informed that the accumulated sewage 
has never risen so high, even during storms. In ordinary 
times it passes directly from the sewers into the 13-inch main 
without rising up in the catch-pound, and although consequently 
it undergoes no previous “settling,” and the only treatment it 
receives is from the rough strainers above referred to, the scouring 
power is such that the main is always free from silt. Indeed, 
when first the works were put into operation, large stones and 
other débris left in the pipes during the construction were forced 
through the main by the current and discharged at Black Hills, 
although in some parts the gradients up which they were rolled 
were as steep as 1 in 104 to 1 in 8b. 

Means are provided at all depressions of scouring out any 
deposits which may form, and air-valves are fixed at every summit. 
In constructing these, care was taken to prevent the possibility of 
the ball-seats becoming at any time choked with sewage. This 
was effected by means of a separate connecting-pipe between the 
bottom of the ball-seat and the main air-valve branch. In all 
other respects the fittings were the same as for an ordinary water- 
main. Jor the first 2} miles the 13-inch main traverses the 
mining district to the west of Dudley, but near Himley Hall, 
one of the seats of the Earl of Dudley, the main fault is crossed, 
and for the remaining 3 miles of its course it is entirely over the 
Soft Red Rocks and Conglomerates of the Bunter Series of the 
New Red Sandstone, which also extend beyond it for 2 miles to 
the west of the terminus, and for many miles to the north and 
south. ; 

Throughout the last 3 miles, the main lies entirely upon the 
property of the Earl of Dudley. It is provided, at convenient 
intervals, with lateral branches leading to circular brick reception- 
tanks placed in elevated situations on various parts of the estate. 
On each of these a sluice-cock is fixed so that sewage may be 
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Figs. 1 and 2. 
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run into the tank when desired. In order that it may not be 
discharged high into the air by the pressure in the main, a 
wrought-iron shield or spreader is fixed over the inflow, so that the 
liquid impinges against it, and is spread quietly over the floor of 
the reception-well: Openings leading in several directions and 
guarded by sluice-boards are provided in the tank, and through 
these the sewage passes to carriers in any direction (Fig. 3). This 
ramification of distributing-pipes is available over a tract of 
country (including certain lands to the west of the terminus at 
the Black Hills) some 4 or 5 miles in length, and having an 
average breadth of 2 miles, or between 5,000 and 6,000 acres in 
area. 

Although this land is available, and is amply provided with 


Fig. 3. 
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SECTION SHOWING THE SPREADER IN THE DISTRIBUTING WELL. 


the means for the distribution of the sewage, by far the larger 
proportion of it serves for the present merely as a reserve, 
and the most interesting operations are to be observed on a 
comparatively small area in the neighbourhood ofithe terminus 
at Black Hills. Here the sewage is applied intermittently to 
three farms, with an aggregate of 722 acres, under the control of 
the Earl of Dudley’s principal land agent, Mr. George Taylor. 
Unlike the greater part of the available land (which is upon the 
Upper Soft Red Rocks of the Bunter Series, and which is tolerably 
fertile), these three farms are upon the Conglomerate, and the soil 
is poor and sandy, so that prior to the construction of the works of 
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the Dudley Corporation this land was a bye-word in the neigh- 
bourhood for sterility. At first the supply of sewage, as might 
naturally have been expected, was limited; but as from year 
to year it has increased, the fertility of the farms has developed 
in a more than corresponding degree. So much is this the case 
that the Earl (whose leading condition on offering the Corpora- 
tion the facilities they enjoy, was that he should be entitled to 
the whole of the sewage from the town) is now threatening legal 
proceedings against them for their alleged neglect to compel the 
householders to connect with the new system. 

This bargain is perhaps unique in the history of sewage dis- 
posal. The Earl of Dudley takes the sewage from the Corpora- 
tion Without either paying for it or receiving any payment for 
doing so. He relieves the Corporation, by an ample indemnity, of 
all further responsibility in connection with it, by an agreement 
which has been ratified by special Act of Parhament. Thus the 
town of Dudley is rid for ever and entirely of its “ sewage ques- 
tion,” whilst that portion of the Earl’s estates under treatment 
is considerably improving in value. The bargain has been satis- 
factory to both the parties to it. 

A point upon which sanitary engineers will desire information 
is as to the nature of the effluent from these farms. Mr. Taylor, 
on being asked, replied, ‘“‘ We have never seen an effluent. The 
soil absorbs it all,” and it 1s impossible to detect, either in the 
River Smestow or any other neighbouring brook course, a trace 
of the proximity of sewage-farming operations. The district 1s 
sparsely inhabited, but it has never been suggested that there 1s 
any contamination of the few local wells. 

Although it could not be expected that a system such as this 
should have been in operation for the past six or seven years 
without occasional allegations that a nuisance was being created, 
it has generally been possible to show the complainant wherein 
his error lay. On one occasion an excellent imitation of the ideal 
sewage sinell was produced in the village of Swindon, which is 
adjacent to the land under treatment, by the practice of cooling 
the ashes from a small local ironworks by pouring water upon 
them. It was not until this practice was discontinued—-when 
the smell at once ceased—that the *nhabitants were satisfied upon 
the point. It is now generally conceded that the sewage works, 
whilst greatly enhancing the prosperity of the agricultural com- 
munity, produce no more nuisance than the manuring of land 
usual in rural districts. 

No precipitation is required. The matter held in suspension, 
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which has been described as the bane of the ordinary sewage- 
farmer, and which clogs the pores of ordinary soil, is found, when 
applied in the intermittent and sparing manner adopted in this 
case, to mix admirably with the sandy soil, the nature of which 
it is gradually changing. The essential feature of the scheme is 
that the land available is practically of unlimited area as com- 
pared with the volume of the sewage. Finally, there are no 
working expenses. The Corporation men clean out the strainers 
at Russell’s Hall once a week, and by way of precaution a turn- 
cock is sent along the line of the 13-inch main once a month to 
open and oil every valve. In every other respect the system is 
self-acting. 

The total cost of the works, including the internal sewérs, the 
intercepting-sewers, the storm-water catch-pound, and the 5} miles 
of 13-inch gravitation main, was about £44,000, but the purchase 
of Russell’s Hall estate, way-leaves for intercepting-sewers, and 
other extraneous expenses, brought the total up to about £55,000. 
The cost of the 13-inch main and the necessary valves for 
scouring purposes, &c. (but exclusive of the distributing fittings), 
was 16s. 2d. per yard, laid complete. No way-leave had to be 
paid. The storm-water catch-pound, with the necessary ironwork, 
brickwork, &c., cost 16s. 14d. per 1,000 gallons capacity, or, 
including a high unclimbable iron fence which was ultimately 
found to be necessary, 17s. 11d. per 1,000 gallons. The in- 
tercepting and internal sewers, including all man-holes, junctions 
and other necessary adjuncts, but exclusive of way-leaves, cost 
£30,422 5s. 3d., or £1 Os. 3d. per head of the population served by 
the sewers. The above figures are based on the final certificates. 
They do not include engineering or clerk of works, for which, and 
one or two other small matters, about 74 per cent. should be 
added. 

In connection with the question of way-leaves, a somewhat 
curious case arose. Lord Dudley, in his original agreement, gave 
a way-leave for the 5} miles of 13-inch cast-iron outfall pipe 
to the Black Hills, but none for intercepting or other sewers. 
During the progress of the works it became necessary to carry the 
intercepting-sewers through his lordship’s land, which for more 
than a mile was mining grouml, and his trustees were advised that 
they had no option but to press for full compensation. The 
matter was referred to an arbitrator, and it was contended, 
on behalf of Lord Dudley’s trustees, that under the Public Health 
Act, 1875, the Corporation must acquire and pay for the minerals 
necessary to afford vertical and lateral support to the sewer; that 
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to afford such vertical and lateral support considerable areas 
would require to be left unworked, which would vary in width 
according to the depth and inclination of the strata, but which in 
some cases might be as much as 80 yards wide, and that in the 
then existing state of the law, the way-leave for the construction 
of the sewers would deprive his lordship’s trustees of the right to 
get minerals over a large area of land, for which they claimed as 
compensation upwards of £22,800. This claim created great con- 
sternation, not only on account of its magnitude, but because it 
was to a certain extent a new one and was sure to become a 
test case, and if upheld the Corporation would probably have to 
face a total outlay for compensation for way-leave of upwards of 
£50,004). The arbitrator awarded a surface value of £1,011, and 
submitted certain alternatives dealing with the mining question 
for the decision of the Court, which could only, even if given 
against them, entaila further expenditure of £3,000 upon the 
Corporation. The state of the law upon the question, however, 
was found to be so involved and unsatisfactory, that an amendment 
to the Public Health Act, 1875, was passed by Parliament in 
August, 1883 (46 & 47 Vict. chap. 37) giving public bodies the 
same facilities for taking sewers over mining ground as are 
enjoyed by railway companies. 

In conclusion, it may be remarked that the Corporation of 
Dudley claim—and with some reason—that they have a sewerage 
system which is practically perfect. They enjoy all the advantages 
of the possession and user of a sewage-farm without any of its 
liabilities; they are burdened with no perpetual charge in the 
shape of working expenses ; they have an entirely modern systein 
of internal and outfall sewerage which gives complete satisfaction, 
and they get all this for the moderate expenditure upon works of 
under 30s. a head of the population. Moreover, the only other 
interest affected (that of the Earl of Dudley) has largely benefited by 
the operations. That Dudley has succeeded in wiping off what may 
be termed the adverse balance resulting from mining-difficulties, 
and from the physical conformation of the town, and in replacing 
it by the exceedingly substantial asset which has been described, 
should be an encouragement to municipalities where the sewage 
question is still unsolved. At the same time it must be admitted 
that this state of things resulted from three circumstances, all 
exceptional, namely :— 

Ist. That there was a practically unlimited tract of land 
eminently suited for the reception of sewage within a few miles of 
the town. 
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2nd, That the level of this land was such as to allow of the 
sewage passing on to any part of it by gravitation. 

3rd. That the owner was willing to take the sewage and deal 
with it thereon upon the terms which have been described. 


The Paper is accompanied by drawings, from which the Figs, in 
the text have been prepared. 
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(Paper No. 2513.) - 


“ Petroleum-Storage Installations at Avonmouth and 
at Cardiff.” 


' By R. Pickwett, Assoc. M. Inst. C.K. 


ScARCELY any industry in this country has grown with such 
remarkable rapidity as that of the import of petroleum. In 1859 
it amounted to 2,000,000 gallons, and the official returns for 1889 
show that in that year it exceeded 102,000,000 gallons. This 
enormous increase has called forth improved methods of conveying 
the oil and storing it. The old method of bringing it to Kngland 
in barrels was successfully superseded about the year 1886, by the 
use of specially built steamers, provided with oil-tanks and power- 
ful pumps. Owing to the presence in some cases of large propor- 
tions of naphtha, serious explosions have occurred, and legislative 
measures have been passed for the protection of the public. No oil 
that flashes at less than 73° on the Abel instrument is considered 
safe. Dr. (now Sir) Lyon Playfair, in evidence before a Parlia- 
mentary Committee, stated that he would not use oil that flashed 
under 120°, but would prefer 130°. 

Although this substance was known to the ancients over 2,000 
years ago, it has only within the last thirty years become an 
important article of commerce. 

It is found over a wide field, including India, Persia, Peru, Java, 
the shores of the Caspian, the United States, Canada and South 
America. The chief supply at present is obtained from Pennsyl- 
vania and the Caspian Sea. ‘The increase of the shipments from 
Russia is very remarkable ; in 1883, 500 barrels were sent to this 
country, whilst in 1890 the supply was 787,529 barrels, or about 
32,288,689 gallons per annum. Dufing the same time the con- 
signments from the United States increased from 53,000,000 
gallons to 54,489,164 gallons per annum. 

In this Paper it is proposed to give a description of two petro- 
leum-storage installations, one erected at Avonmouth jointly by 
. Mr. C. M. Jacobs, M. Inst. C.E., and the Author’s firm; the other 
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coming under his professional notice, both of which are provided 
with improved machinery and arrangements that may be of 
interest to the Institution. 


AVONMOUTIL INSTALLATION, 


These works were erected for the Bristol, West of England, and 
South Wales Petroleum and Storage Association. In the storage 
of so inflammable and dangerous a commodity as petroleum great 
care is required in the selection of a site which shall afford 
facilities for easy communication with the steamers and vessels 
bringing the oil, and at the saine time be as isolated from the 
neighbouring property as possible, in order to avoid such 
disastrous occurrences as the fires at Antwerp and Rouen. The 
site selected for these works (see Fig. 1, Plate 7) is situated on the 
banks of the Avon, about halfaimile from the head of the Avon- 
mouth Dock, being outside the ancient banks of the river, on what 
is known as the Outstays. It possesses on two sides deep water 
accommodation for barges or vessels, and on a tlurd, railway 
connection with the main line from Avomnouth to Bristol. The 
site is leased from the Bristol Docks Corporation, and contains 
from 4 to 5 acres. 

The first contract, which was let in July, 1880, was for the 
construction of a sea-bank, which was thrown up all round the 
site toa height of 6 or 7 feet, with the double object of shutting 
gut the high spring-tides, and of confining the petroleum in 
case of the accidental Lursting of a storage tank. As will be seen 
hy the cross sections, Figs. 2, the banks generally were formed 
with a two to one batter on the river side, and a one and a half to 
one batter on the back, with a 4-foot top. The seat of the bank 
had the turf first pared off, and was then dug up one spade deep, 
after which the earthwork was barrowed up and put together by 
chopping and ramming in the usual way. After waiting for 
several months any settlement was made up, the batters trimmed 
off, and the bank sodded over. A cess-ditch was formed at the 
back of the outer bank for the purpose of drainage, and provided 
with a small outfall clough at A, Fig. 1, details of which are shown 
on Figs. 3,4 and 5. The site was then thoroughly drained into 
the cess-ditch, by laying lines of 3-inch aericultnral drain-pipes, 2 
to 3 feet deep, every 30 feet, the trenches being filled with broken 
stone ; and the whole of the surface was subsequently covered with 
ballast and ashes. 
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At point Bon the plan, a deep-water jetty was erected on the 
foreshore of the Avon, constructed of pitch-pine piles, ranging 
from 30 to 60 feet long, with timber walings, struttings, and 
deck, as shown in Figs. 6 and 7, where barges or vessels lie for 
either discharging or taking in cargo. 


TANK FOouNDATIONS. 


The petrolenm is stored in bulk in large circular iron tanks, 
two of which contain 2,000 tons each, and the others 1,000 tons 
each, and it was important that a firm foundation should be 
secured for them. Trial borings showed the ground to consist of 
about 6¢feet of brown clay on the top, with 30 feet of very soft 
black warp below (Hig. 8). It was found that piling would be 
too expensive, and ultimately the Author designed the following 
plan, which was adopted. 

After taking off the soil, a timber and conercte raft, about 5 feet 
larger in diameter than the tanks, was constructed ; a layer of 
concrete, 18 inches thick, was first spread over the wholo area, 
and upon this 12-inch by 6-inch timbers wore laid across as 
shown, and another 18 inches of concrete put over the whole, thus 
forming a circular raft 5 feet thick and 68 feet in diameter for the 
large tanks, and 52 feet in diameter for the smaller ones (Vig. 14, 
Plate 7). These foundations have answered the purpose satis- 
factorily, and are similar to those used for the large grain ware- 
houses at Avonmouth Dock. A gutter was formed all round the 
base of the tanks for collecting any leakage which might come 
from them. Sidings were laid from the main line of railway into 
the works as shown in Fig. 1, Plate 7. 

The installation comprises three departments:-—-The storage 
tanks, the cooperage department, and the filling or barreling-olf 
department. 

It was desired to separate these as much as possible, keeping 
the tanks as well as the filling-house away from the cooperage 
and boiler-house to lessen the danger of fire. ‘To maintain 
economical connection between these three departments, tlie i- 
stallation is designed to work by the gravitation of both full 
and empty barrels from one department to another; for instance, 
the cooperage is connected with the filling-house by means of 
“barrel-runs,” upon which the empty barrels, as they are turned 
out from the cooperage, run down to the filling-house and 
storing platform; emptics also pass down similar runs from the 
jetty into the works for either storage or repairs; barrels already 
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filled run from the filling-house down to the end of the jetty 
ready for shipment. The gradient used is 15 to 16 inches in 100 
feet, which is found to be just sufficient to cause the barrels to 
move without any tendency to run away. ‘'he runs are carried 
on light trestles (see Figs. 9), and consist of timbers 54 inches 
by 3 inches, fixed at about 2 feet 2 inches gauge by bolts. They 
are made in portable lengths of from 12 to 14 feet, and are put 
up where required. On reference to the general plan it will be 
seen that the cooperage floor is fixed at about 2 feet above the 
filling-house floor, and the filling-house floor a similar height 
above the jetty; the other runs have a similar gradient. The 
barrels are put on to them one after another, and close together, 
and as each one is taken off at the low end, the whole litte moves 
forward one barrel. ‘This method of dealing with them is im- 
portant as regards the economical working of the installation. 


STORAGE-DEPARTMENT. 


A line of 6-inch wrought-iron screw-jointed filling-pipes is laid 
from the dock to the tanks along the surface of the ground, and is 
fixed upon strong wooden carriages to keep it in position. At 
the dock end is a stand-pipe similar to an ordinary water-main 
stand-pipe, or suitable bends are provided, which can be readily 
connected with a flexible hose-pipe from the steamer. At the 
other end of this main filling-pipe a branch with screw valves is 
taken off to each tank. 

The tanks are circular and constructed of boiler-plates riveted 
together with lap-joints as in an ordinary gas-holder, the large 
ones being 64 feet in diameter and 30 feet high, the smaller ones 
47 feet in diameter and 26 feet high. The bottom is made of 
g-inch plates, with 4 inches by 4 inches by 34-inch angle-irons. 
The sides are formed of seven tiers of plates of uniform width, 
the first and second being § inch thick, the third and fourth 
* inch thick, the fifth ,5 inch thick, and the sixth and seventh 
¢ inch full. The tops are of 4-inch plates, supported on angle- 
iron frames and principals (Fig. 10). They rise 6 feet in the 
middle, forming a dome, and ave four raised man-holes 24 inches 
in diameter, provided with hinged covers which can be locked. 
The attachment of the side and bottom plating to the angle-iron 
at the base is by a double row of rivets, as is also the case with 
the vertical seams of the sides, but all other longitudinal seams 
are single-riveted. The edges of the plates both in the bottom 
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and in the sides are planed, and the work generally is equal to the 
best boiler work. All joints are made iron to iron, and caulked 
inside and out. Hach tank is provided with a disk or false bottom, 
sr inch thick and 66 feet in diameter, which rests upon a bed of 
thin boards and sand, interposed between it and the foundation, in 
order that the tank may take an even bed (Fig. 14, Plate 7). 

The smaller tanks, 47 feet in diameter, are made in the same 
manner, except that the thickness of the sides is slightly reduced. 
They were constructed under a guarantee for tightness, and after 
erection were tested by filling with water. Hach is fitted with 
a 4-inch emptying and a 6-inch filling-pipe, with screw-valves, 
and furnished with a joint so that the orifice of each can be lifted 
up cleat to the crown of the tanks by a hauling chain which passes 
over rollers at the top, and is brought down to the level of the 
ground outside, where it is worked by a small winding-gear. The 
orifices can thus be maintained at about the surface of the oil so as 
to avoid the possibility of drawing off any water that may have 
accidentally got into the tank, and which being heavier than oil 
would sink to the bottom, and also the vibration and ebullition 
which would occur in filling against a head of pressure. Each 
tank is provided with an external glass gauge from top to bottom, 
in lengths of about 4 feet, fitted with brass cocks, and each tube 
over-lapping the other so as to show the height of the oil in 
the tank. A light iron ladder on the outside gives access to the 
roof, and another is fixed from,one of the man-holes to the bottom 
inside. 

The contract was given to Messrs. Lysaght & Co. of Bristol, 
and the cost was about £4,000. The tanks are painted preferably 
white outside, and are provided with a ventilator at the top. 

The operation of filling is as follows:—When a petroleum 
vessel arrives in port she is moored at the proper berth; her 
petroleum-pumps are then connected with the pipe on the quay, 
the valve of any particular tank required to be filled is opened, 
and the pumping commenced. As soon as the oil has been pumped 
out of the ship the valve at the stand-pipe is closed. At this 
stage of the proceedings the whole line of the feed-pipe from the 
quay to the storage tank will be full of oil. To facilitate the 
extraction of this the feed-pipe has 4 slight fall at each end toa 
point near the filling-house, where a small Worthington pump is 
attached, and the contents of the pipe are transferred into a small 
tank in the filling-house. 
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C‘OOPERAGE-DEPARTMENT. 


This consists mainly, as shown on Figs. 11, 12 and 13, of a two- 
storied brick building about 100 feet by 38 feet, in which the 
work of cooperage generally is carried on. At one end is erected 
the boiler-house, in which is a Cornish boiler, 26 feet by 6 feet 
6 inches diameter, with the usual tanks and donkey-pumps. 
Adjoining the end of the boiler-house is the steaming-house, where 
the barrels are first steamed and then dried. At the south end of 
the cooperage the empty barrels are stored in the yard, from which 
they are taken to be cleaned and repaired prior to being sent to 
the filling-housc. The details of the plant are as follows >— 

At the end of the boiler-house, Figs. 14 and 15, Plate 8, there 
is a large air-heating chamber filled with a coil of small pipes 
supplied with steam from the boiler. This chamber is connected 
with the blower by the pipe A A, which enters it at the Lottom 
and passes out at the top and down to the ground by the pipes 
B BB, and is connected with the main air-pipe laid underground 
along the side of the steaming- and drying-house. Three branches 
are taken from this main air-pipe at C CC, leading into the three 
underground pipes DD D, from which are taken short branches 
I} KE E Kot 1-inch pipe, about 2 feet apart, and spaced so as to 
exactly fit the bung-holes of the barrels, which are placed over 
them in three nests of eight barrels each. The main and branch 
air-pipes are fitted with valves at G G G, for the purpose of 
shutting off either the whole or any one of the nests. Similarly 
steam is taken from the boiler through the pipe H into the main 
steam-pipe O, from which it passes into the branches PP P, leading 
into the branches CCC of the air-pipes. <A set of barrels is taken 
from the empty stock and rolled on to wooden carriages with the 
bung-holes over the branches H EE. The main steam-valve Q 
aud the branch valves are opened, and the steam passes along 
C, D and E into all the barrels for ten to fifteen minutes. It is 
then shut off at Q, and the main hot-air valve F and its branch 
valves opened, the blower set to work, so as to drive hot air 
through the same branches C, D, E, until the barrels are perfectly 
dry, after which they are»rolled into the cooperage for any 
necessary repairs. A large steam-jacketed glue-kettle is arranged 
as shown in Figs. 12 and 13, Plate 7. The repaired barrels 
receive a charge of hot glue, and are rolled along carriages over 
zinc-lined troughs, laid below the floor-level, and stored over 
them with the bung-hole down. The surplus glue is pumped 
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back to the glue-kettle (Fig. 12). After this the barrels are 
lifted on to the floor above by the elevator D (Fig. 12), which is 
worked by a small separate engine; there they receive a coat of 
paint, and are then ready for sending down the run to the filling- 
house. The painting is done with large flat brushes, with such 
expedition that a skilled man is said to be able to paint fifteen 
hundred barrels per day. 

The boiler and steaming and drying plant were supplied by 
the Uskside Engineering Company, Newport, Mon. 


IF iLLING- oR BARRELING-OFF DEPARTMENT. 


This *department is situated at a point near the jetty (sec 
general plan, Fig. 1, Plate 7), and consists of a simple brick build- 
ing about 46 foet by 32 feet (Higs. 16, 17, 18 and 19, Plate 8). 
The main floor, which is of wood, is about 6 feet above the ground, 
and has a 10-foot platform all round, communicating with a lony 
platform at a lower level, about 150 feet by 30 feet. This long 
platform is at the level of the floor of the railway trucks, and is 
used for taking empties or loading up full barrels to be sent by 
rail. In the centre of the filling-house are two rectangular 
wrought-iron tanks about 12 feet by + feet by 4 feet, raised about 
3 feet above the floor, and provided on each side with a number of 
1-inch filling pipes, about 2 feet apart (Fig. 16). From the main 
storage-tanks to the filling-house tanks a 4-inch screw-jointed pipe 
is laid similar to the 6-inch main already described (J*ig. 17). 
The arrangement of branches under the filling-house, from the 
4-inch and | 6-inch pipes, is as follows :—The 4-inch branch A leads 
from the main emptying-pipe into the two small tanks; the 4-inch 
branch B is carried round to the pump, and by C to pipe A; 
another branch D is carried from the 6-inch pipe into branch C; 
the main-pipe draining-branch IK is carried from the point F to 
the pump. All these branches are fitted with screw-valves as 
shown at a, b, c, d, e, f, g, h, ¢ (Fig. 17). 

Oil in the ordinary way flows by gravitation from one of the 
large storage-tanks by the 4-inch pipe, and along A into the two 
small barreling tanks, until they are filled, the valves e, /, g, h 
being closed and the rest worked as required. 

When the oil in the large storing-tank has been lowered go that 
it ceases to flow by gravitation, it is raised by pumping, and 
passes along B to the pump, and thence through C and A, into 
the barreling tanks, the valves a, b, f, h being closed, and ¢, d, ¢, g 
opened. When the main filling-pipe is being emptied, as already 
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described, the valves h, e, c, d are opened and a, b, f, g closed, and 
the remaining oil pumped along E C andj A into the barreling 
tanks. 

As it may sometimes be necessary for repairs to take the oil out 
of one storage tank and put it into another, a branch D is laid 
from the 6-inch filling pipe No. 1 to C, and the transfer of oil from 
one tank to another takes place by gravitation from the tank 
through the 4-inch emptying pipe No. 2, along B, to the pump, 
and thence along C and D into pipe No. 1 passing on to the other 
tank, as if it was being pumped from a vessel; in this case 
valves gq and f are opened and valves a, b,c, d, e, h and 7 are closed. 
It will be seen that this arrangement of pipes gives the foreman 
at the filling-house complete control over the direction taxen. A 
Worthington pump is used with a cylinder 8 inches in diameter 
and about 10 inches stroke. 

A little above the floor-level, and running the entire length of 
the barreling tanks, two iron waste-troughs are fixed. The pro- 
cess of barreling is as follows:—Empties are rolled up off the 
long platform into the filling-house and put on these troughs 
close together, as shown in Figs. 16 and 18, with the nozzles 
from the tanks dipping into the bung holes. When filled they 
are rolled down the barrel-run to the jetty, or if required to go 
away by rail, to the siding. ‘To prevent barrels from being over- 
filled, an American automatic filler, ingeniously arranged with a 
pneumatic sliding piston and spring shut-off, which can be so set 
as to regulate the speed of filling, is attached;to the nozzles of the 
tank by a flexible tube. The pneumatic piston rises with the 
oil, and when the barrel is filled, the spring shut-off is released 
and the supply stopped. 

The tank steamers for conveying petroleum to England range 
from 2,000 up to 4,000 tons carrying capacity. The engines and 
boilers are usually aft, the petroleum hold occupying almost the 
whole of the remaining portion of the ship. The hold is divided 
along the centre as well as across by several bulkheads (Figs. 20 
and 21). By the kindness of the builders, Sir W. G. Armstrong, 
Mitchell and Co., the Author has been able to give a drawing of 
one of these ships, which was constructed according to the design 
of Mr. Swan. It will be seen on reference to the cross-section, 
Fig. 21, that the petroleum hold is made considerably narrower 
above the level of the water-line, the object of this arrangement 
being to ensure that the main part of the hold should be perfectly 
full, the narrow part at the top giving ample facilities for the 
expansion of the oil. If the petroleum were contained in one 
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hold of the ordinary shape, not perfectly full, the stability of the 
vessel would be seriously affected. A pump is provided capable 
of discharging from 100 to 120 tons an hour, the suction-pipe of 
which has a branch fixed to each of the separate holds. 


CarpirF INSTALLATION. 


This installation has just been erected by the South Wales 
Public Wharf, Warehouse and Transit Company, Limited, Cardiff, 
and is situated on a stretch of land on the banks of the Ely, and 
about one mile from the Bute Docks, Cardiff (Fig. 22, Plate8). The 
River Ely is a small tributary running into the Bristol Channel, 
and joins the mouth of the River Taff in what is known as the 
West Muds,. opposite the Port of Cardiff. The Public Wharf 
Company have erected upon this tongue of land extensive 
wharves and warehouses, which are fitted in the most complete 
manner with hydraulic cranes, grain-warehouses, cellars, &c. The 
site possesses several hundred yards of deep-water frontage to the 
Ely, and good railway communication. 

The petroleum installation is situated at the southern end of the 
site. It is enclosed by an embankment of earthwork similar 
to that at Avonmouth. 


SroraGe DrraArrMeEnt. 


From the wharf, at the point A on the plan (Fig. 22), a cast- 
iron 7-inch filling-pipe is laid to the storage department with 
branches to the five tanks, three of which hold nearly 1,300 tons 
each, and the two others about 1,000 tons each. 

The branches from the main filling-pipe are of copper, and are 
bent up in a saddle-back form to allow for expansion. The tanks 
are in all respects similar to those at Avonmouth, and are fitted 
with gauge-glasses and jointed internal feed-pipes, &c. They 
stand upon a concrete foundation about 3 feet thick, resting on 
gravel. The surface of the foundations in their vicinity is finished 
with a cement-rendered floor, proper facilities being provided for 
collecting any leakage of oil. The emptying pipe is of cast-iron, 
4 inches in diameter, and is laid from the bottom of the tanks to 
the filling-house (Fig. 22, Plate 8). An auxiliary feed-pipe is being 
laid with branches into the tanks, and a portable oil-pump made 
by the East Ferry Engineering Company, capable of delivering 
120 tons per hour, will be connected with it so as to supplement 
.the ship’s pumps and discharge the vessel in half the time. After 
_ [THE Inst. ©.E. VOL. crv. ] 8 
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discharging, the ships receive their coal-supply without changing 
their berths. A new wharf is being constructed in a more con- 
venient position. 


CoorERAGE-DEPARTMENT. 


The general arrangement of this department is shown in Fig. 22, 
Plate 8. It consists of a shed of corrugated iron, at the end of 
which is placed the boiler-house, and is fitted with a steaming 
and drying apparatus at C, glue-kettle and troughs at D, and a 
painting and branding house at E. 

The empty barrels are stored in the yard at F', whence they are 
taken to the steaming and drying department, repaired, glued, 
and sent forward to the painting department. JBarrel-runs are 
freely used, and are for the most part of a portable description. 


BARRELING-OFF DEPARTMENT. 


This is sitnated at the end of the long painting floor, which is 
elevated to about the level of the bottom of the railway trucks, 
and is arranged similarly to the one already described at Avon- 
mouth. Two men can fill and bung 1,200 barrels per day. 

Under the present system of distribution by barrels great loss is 
incurred, not only in filling and in carriage, but also from the 
large waste of space between the barrels when loaded, the expense 
on the returned empties, and the necessary repairs and cooperage. 
To avoid this loss this company have adopted the use of 10-ton 
tanks, mounted on railway trucks, which are filled and consigned 
direct to the dealers, carriage being paid only on the net weight of 
the oil. The dealer can either retain the tank in his siding until 
emptied, or he can have his own small storage tank into which the 
oil is discharged, the portable tank being consigned back to the 
depot. It is probable that this system of distribution will shortly 
become general. 

The Author expresses his thanks to Mr. Robert Johnston for 


supplying him with information concerning the Cardiff installa- 
tion. 


The Paper is accompanied by six tracings, from which Plates 7 
and 8 have been prepared. 
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(Paper No. 2506.) 


“A Method of Calculating the Area of a very Irregular 
Cross-Section of a Railway Cutting without the 
necessity of Plotting.’ 


By F. H. Breaks... 


THE optration of levelling is performed in the ordinary way by 
booking the “sights” at every important change in the inclination 
of the natural surface, commencing at a peg well beyond the edge 
of the proposed excavation, and proceeding across to a correspond- 
ing one on the other side. These “reference pegs,” as they may, 
for convenience sake, be called, serve as permanent marks by 
means of which the exact centre of the work may be ascertained at 
any stage of its progress. After the cutting has been taken out, 
the levels are read over the excavated surface from “edge to edge 
of cutting,” but in an opposite direction to the natural surface 
levels, the reading at the terminal or “ foresight” reference peg 
being entered as a “ backsight,” because it is necessary that the 
sights should appear consecutively round the figure showing the 
limits of the cross-section. The reason for this will appear more 
clearly further on. 

The zero of the distances (which are distinguished by opposite 
signs, according as they are right or left) must be on the same 
vertical line or “ meridian” for both sides of the cutting, whether 
in natural surface or excavation levels, and this vertical line may 
be supposed to pass through the centre, or indeed any other point ; 
but for the sake of convenience it should intersect the base of 
the cutting in preference to either of the slopes. 

After the levels have been entered as stated it will be found that 
there are more natural-surface levels than are required—for 
instance, the reading at the reference pegs, and possibly others. 
These will be easily found by inspection, as those natural-surface 
levels which have a greater distance reading than that of the “edge 
of cutting ” in the excavation levels are, of course, unnecessary, and 
must be struck out before commencing the calculations. In the speci- 
men page of a Level-Book which accompanies this Paper (page 261) 
—such cases are indicated by the figures being printed in italics— 

B 2 
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thus it will be seen that the edge of cutting F on the right side 
is at 34°80 feet from the centre or meridian, whilst the sight 
immediately above it—that of the reference peg H—is at 40 feet, 
and must be crossed through. The sight at D is evidently inside 
the cutting, its distance being less than that of the “edge,” and 
it must therefore be left intact; but the difference of level (rise 
1-10) between D and F must be obtained from the reduced levels 
and noted accordingly. The superfluous levels on the left side 
are eliminated in the same manner. It is well before going any 
further to total up the rises and falls, and if the results are equal 
the alterations have been correctly performed. 

The levels and distances having been recorded as directed in 
columns Nos. 1 to 7 inclusive (which are the same as in fhe ordi- 
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nary Level-Book), the’ “double longitudes ” are next calculated by 
adding each distance to the one immediately preceding, the results 
being placed in column 8. In commencing, the first sight inside 
the cutting (S), has to be added to that of the “edge” (R), which 
is entered in its proper place at the end of the excavation levels. 
The following explanation may not be considered out of place, as 
the “double longitude” method is rarely dealt with in works on 
engineering. Assuming the-«vertical line before mentioned to be a 
“meridian,” the distances OB, PC, ND, see Fig., &c., are the 
“longitudes” of the points BCD, &c., with respect to it, and 
the sum of the “longitudes” of any two consecutive points is 
equal to double that of the centre of the line of which these two 
points are the extremities; hence the term “double longitude.” 
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The correctness of the “double longitudes” is proved by adding 
up the figures in the columns 7 and 8, not noticing the signs, and 
if the total of the “double longitude” column (8) is double the 
total of the distance column (7), the results are correct. In 
column 9 are placed the plus and minus multipliers, which are 
simply the rises and falls. In column 10 are placed the plus, and 
in column 11 the minus products which are obtained by multiply- 
ing the “double longitudes” by the rises and falls or plus and 
minus multipliers. 


Parr oF Cross-SecTion To RIGHT OF “ MERIDIAN.” 
Sums of pairs 


of distances, ™ Falls. = Areas. « 
(MF + AG) x MA = Twice the area of figures MFGA - 
(AG+KH)x AK= ,, 4 G AGKH | = once 
(OB + PC) x OP = . s OBCP + ). 
Rises. 

(OB) x AO = Twice the area of figures ABO _ 
(PU+ND)xPN= . 4  (OBCDN+OBPC) | =? rn 
(ND + MF) x NM = ‘ re > NDFM + ). 


Subtracting the less from the greater the result is 2(ABCDFGHK) 
= twice the area of the cross-sections. 
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(Paper No. 2528.) 


“QOil-Gas Tire-Setting Apparatus in the Grand Trunk 
Railway Company’s Works at Montreal.” 


By Freperic Lump Wanktyn, Assoc. M. Inst. C.E. 
(Abstract. ) 


THE object of this Paper is to describe an apparatus for producing 
oil-gas from refined petroleum having a flashing-point of 95° 
Fahrenheit; and for burning this gas with heated compressed air 
for the purpose of expanding railway tires before placing them 
upon, or removing them from, locomotive or wagon wheels. 

The apparatus is the invention of Mr. T. W. Gentry, and has 
been erected under the supervision of the Author, at the work- 
shops of the Grand Trunk Railway, in Montreal. It consists 
essentially of four cast-iron cylindrical vessels, 113 inches diameter, 
8 feet long, and 14 inch thick, built into an ordinary coke- or coal- 
heated furnace. Three of these vessels, having been brought to a 
red-heat, are used for vaporizing the oil, and the fourth for 
heating the air, which is supplied at a pressure of 30 to 40 Ibs. per 
square inch from a reservoir, fed by a standard 8-inch Westing- 
house air-pump. 

The oil is stored underground, outside the building, and is 
lifted by means of a 24-inch hand-pump into a small tank in com- 
munication with the compressed air, by which it is forced through 
a pipe 2 inch in diameter, to an injector or regulator. Here it is 
blown into fine spray by means of a jet of cold air, and is carried 
forward in a pipe of the same diameter into the three hot vessels 
or retorts in succession. It is then conducted in the form of a 
rich smoky gas through about 25 feet of 14-inch wrought-iron 
pipe to the setting-house, where it joins the heated air, with 
which it passes through a short pipe to the perforated hoop-shaped 
tubes encircling the tires, and is thére ignited. 

A complete set of regulating valves controls the admission of 
oil and air to the retorts, beyond which point no obstruction 
should be placed, so that all possibility of accumulated pressure 
may be avoided. 

The tire-setting shop is separated from the fire-proof building 
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in which the oil-gas is produced. It is polygonal in plan, and the 
entire floor is covered by a 5-ton rotary bridge-crane, having a 
span of 22 feet, and a lift of 14 feet. The wheels and tires are 
placed in position by this crane, the oil-gas and air mixture being 
brought through flexible pipes to the ring-burners. 

Ata trial of the complete apparatus in December 1890, two and 
a half hours were occupied in heating and setting three pairs of 
tires, 6 feet 13 inch, 3 feet 7 inches, and 3 feet 1 inch diameter 
respectively, and from 3} inches to 2,°, inches thick, including one 
hour taken to heat the retorts. In this operation 5°78 gallons of 
oil, worth in Canada 6d. per gallon, were vaporized, The work 
was accomplished by three men, whose wages amounted to gs. 74d., 
bringing up the total cost of fuel and labour to 88, 

Two sets of apparatus have been successfully worked at Mon- 
treal for twelve months, the cost of maintenance being nil. 

The advantages claimed for this method of tire-setting are, 
cleanliness, economy, and absence from risk of fires. The chances 
of failure or accident are not greater than when ordinary illumi- 
nating or coal-gas is used. The apparatus is easily controlled, and 
the generation of gas started or stopped by opening or closing the 
oil-valve placed between the small oil-tank and the injector. 


The original was accompanied by three blue prints. 
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(Students’ Paper No. 276.) 


“The Counter-balancing of Locomotive Engines.” 
By Epmuunp Lewin Hii1, Stud. Inst. C.E. 
History of BALANCING. 


THE discovery that for a wheel to run smoothly it must be 
balanced, or, in other words, must have its centre of gravity 
coincide with its centre of motion, is without doubt of prehistoric 
date, though the reasons for this necessity and the rules which 
arise from them have only been properly understood and acted 
upon for a comparatively short time. One of the earliest instances 
of balancing was the method formerly adopted with respect to water- 
wheels. These used to be made of wood, and if they were allowed 
to stop for any length of time, the part above water would dry 
while that below would remain wet, so that the wheel on starting 
again would run in a succession of jerks, being heavier on one side 
than on the other. To obviate this it was usual to keep the 
wheel moving very slowly instead of stopping it altogether. 

Mr. Heaton? was probably the first to counterbalance the 
disturbing force on a locomotive engine by a weight in the 
wheel. In 1831 he and his brothers made a common road steam- 
carriage, and found that at a speed of 160 revolutions a minute 
the shaking was so violent that they could not keep their seats. 
Mr. Heaton described his plan in a letter to the ‘ Mechanics’ 
Magazine,” April 8th, 1842, as follows :—“ Being aware that this 
motion could only be produced by some portions of our machinery 
being out of balance, we placed a compensating weight opposite 
each crank, and ..... found we attained greater speed with 
no greater consumption of fuel, and the machine travelled per- 
fectly steadily at any speed and free from any symptoms of 
rocking or shaking.” This was only taking into consideration the 
revolving weights. It was a long wpile before a practical method 
of balancing the reciprocating weights of locomotives was pro- 


" This communication was read and discussed at a meeting of the Students 
on the 30th of January, 1891. 

* Engineer, 30 January, 1880, p. 77. 

* Mechanics’ Magazine, 8 April, 1842, p. 279. 
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posed, though the necessity of doing so was seen by many 
engineers. At an early date the Stephensons had tried on the 
Liverpool and Manchester Railway to minimize the action of the 
reciprocating parts by diminishing the length of stroke and 
increasing the diameter of the cylinder, but this method was given 
up because the engine used too much steam.! 

Mr. Bodmer? in 1834 proposed to entirely destroy the action of 
the reciprocating parts by having two pistons working in one 
cylinder with the piston-rods issuing at opposite ends and con- 
nected to a double crank, and in 1841 he modified this plan by 
making the two piston-rods work one inside the other from the 
same end of the cylinder.* He built some of these engines for the 
South Eastern Railway, and one was stationed at New Cross in 
1845.4 Mr. Weallens in 1836 brought out a four-cylinder engine 
with the same object.® 

In 1837 Mr. Braithwaite, of the Eastern Counties Railway, 
Mr. Richard Roberts, of Sharp, Roberts and Co., and Mr. Rogers 
and Mr. Griggs in America, began to balance the revolving parts 
of locomotives by a weight in the wheel.® 

Mr. Heaton, who had been experimenting on the subject, made 
in 1838 a model of the wheels and crank-shaft of a locomotive to 
show the effects of unbalanced moving-parts, and submitted it to 
the Resident Engineer at Birmingham of the London and Bir- 
mingham Railway. The Company’s engine “ Brockhall,” which 
was being repaired at the time, was ordered to have balance- 
weights applied to it under Mr. Heaton’s supervision, and the 
result being satisfactory, all the company’s engines were balanced 
in the same way.’ In 1842 Mr. M’Connell began to use Mr. 
Heaton’s plan on the Birmingham and Gloucester Railway,*® and 
in the same year Dr. Melson read a Paper on balancing, probably 
the first written on the subject, before the Birmingham Philosophical 
Institute.® 

In February 1843 Mr. Crampton, in a letter to the Railway 
Times, pointed out that one of the causes of unsteadiness in 


* Minutes of Proceedings Inst. C.E., vol. viii. p. 260. : 
? Ibid., vol. xxii. p. 92. 
> Ibid. 

* Report of the Gauge Commissioners—Carriages, Question 4,293. 
5 Minutes of Proceedings Inst. C.E., vol. xxii. p. 102. 

* “Locomotive Engineering.” By Colburn, p. 51. 

* Engineer, 30 Januury, 1880, p. 77. 

® “Railway Machinery.” By D. K. Clark, p. 165. 

® Mechanics’ Magazine, 9 April, 1842, p. 276. 
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engines was that the reciprocating parts were unbalanced, but he 
did not suggest any method by which this could be remedied. 
Mr. Fernihough was the first to propose and carry out the 
balancing of the reciprocating parts by a weight in the wheel. 
This he did in his engines on the Eastern Counties Railway in 
1845, and he described his plan before the Gauge Commissionors 
in that year.! In 1847 Mr. Heaton brought forward a device for 
effecting the same purpose, which consisted of a double crank with 
one connecting-rod attached to the piston-rod and another to a 
dummy weight working in slides under the foot-plate by the side 
of the fire-box. This plan was used for some years on the London 
and Birmingham Railway.” In 1838 Mr. KE. A. Cowper had 
proposed to Dalanos a quick-working rubber-cutter in exactly the 
same way by a dummy weight. This, however, was never carried 
out, because of the expense.® 

In 1847 Mr. Haswell, Locomotive Superintendent of the Austrian 
State Railways, also brought out an engine similar in idea to 
Bodmer’s, but with two cylinders on each side, one on the top 
of the other, working on to double cranks.4 This engine, which 
was named “ Duplex,” was still in use in 1873. 

Mr. Nollau, Locomotive Superintendent of the Holstein Rail- 
way, was the first to go thoroughly into the theory of balancing. 
In 1847 he conducted elaborate experiments on the subject, the 
results of which are embodied in an article by him in Mr. Couche’s 
work on “ Permanent Way Rolling Stock.” ® 

Nollau was followed in 1848 by Le Chatelier, who wrote a 
treatise on the question,® and Mr. D. K. Clark in 1852 published 
an account of his investigations, together with the rules deduced 
from their results, which have since been almost universally 
employed.’ 

Since then the disturbing forces of locomotives have always 
been balanced in the wheels, and though many other methods of 
balancing have been invented they have never been adopted in 
practice. Among them may be mentioned Mr. Resal’s plan in 1853 
of applying a dummy weight on the prolongation of the connecting- 


Report of the Gauge Commissioners. Question 4,294. 
' Engineer, 30 January, 1880, p. 77. 

Minutes of Proceedings Inst. C.E., vol. xxii. p. 95. 

** Modern Mechanical Enginecring.” By R. Scott Burn. p. 191. 

“ Permanent Way Rolling Stock.” By C. Couche. Vol. ii. notes p. 783. 

“Railway Machinery.” By D. K. Clark, p. 177. 

“Recent Practice in the Locomotive Engine.” By Clark and Colburn, 
p. 45*. 
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rod;! Mr. Makinson’s single-cylinder engine in 1862;? a four- 
cylinder double-crank engine, built about 1880 by Mr. Shaw, an 
American engineer ;* and another by the same maker in 1882 with 
oscillating cylinders placed between the driving-wheels with two 
pistons in each cylinder connected direct to the crank-pins;* and, 
lastly, Mr. Crampton’s four-cylinder tank-engine with two pairs of 
single driving-wheels, the front pair of which are actuated by the 
two right-hand cylinders and the back pair by those at the left 
side, each set of cylinders working on to a double crank.® 


"THEORY. 


‘The moving parts of a locomotive which cause disturbance may 
be divided into two classes, revolving and reciprocating, the 
former comprising the cranks and side-rods, and the latter con- 
sisting of the piston, piston-rod, and cross-head. The connecting- 
rod cannot properly be classed under either of these heads, since 
the small end, which moves in a straight line, is reciprocating ; 
the big end, which describes a circle, is revolving, while all the 
intermediate points describe ovals of various magnitudes. It is 
usual to consider part of the rod as reciprocating and part as 
revolving, and in the relative proportions taken there is a wide 
difference in practice. 

The revolving parts as they move round develop centrifugal 
force, the horizontal component of which throws a stress on the 
engine longitudinally, and causes recoil backwards and forwards. 

At the same time the vertical component tends to reduce the 
adhesion between the wheels and rails, and to cause slip on the 
top half-stroke, and pounds the wheels against the rails on the 
bottom half-stroke. This vertical force, by acting first on one side 
of the engine and then on the other, produces also a rolling move- 
ment from side to side. 

To the fore-and-aft motion, caused by the horizontal component 
of the centrifugal force of the revolving parts, must be added 
that due to the momentum of the reciprocating parts. These have 
to be brought to rest at the end of each stroke, and the steam- 
pressure required for starting them again acts with equal and 
opposite effect on the cylinder*head, imparting, when at the front 


» * Permanent Way Rolling Stock.” By C. Couche. Vol. ii. p. 349. 
* Minutes of Proceedings Inst. C.E., vol. xxii. p. 75. 


* Transactions of the American Society of Mechanical Engineers, vol. ii. p. 277. 
* Ratlroad Gazette, 17 February, 1882, p. 99. 


5 Société des Ingénieurs Civils, Paris, 5 March, 1886. 
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dead centre, a forward movement to the engine.t This force 
decreases until the piston reaches its position of maximum velocity, 
when acceleration ends and retardation begins, and continues to 
increase until the piston arrives at the end of the stroke. During 
this retardation the pressure which was absorbed in producing the 
acceleration is given out again, and imparts a backward movement 
to the engine. Thus the horizontal component of the centrifugal 
force of the revolving parts, together with the varying pressure . 
caused by the acceleration and retardation of the reciprocating 
parts, causes a movement of the engine alternately backwards and 
forwards. 

These two forces do not always act together. Owing to the 
obliquity of the connecting-rod the reciprocating parts arrive at 
their position of greatest velocity before half-stroke, at which point 
the disturbance caused by them changes in direction—on the bottom 
part of the stroke from forwards to backwards, while that of the 
revolving parts is still acting forwards. On the top half-stroke 
the contrary effect occurs, the momentum of the revolving parts 
beginning to act forwards, while that of the reciprocating parts is 
still directed backwards. This force, which alternately gives the 
engine a forward and a backward movement, causes also a sinuous 
movement by acting first on one side and then on the other. 

The obliquity of the connecting-rod produces also pressure on 
the slide-bars, varying from nothing at the dead-centres to a 
maximum at half-stroke. This pressure under ordinary conditions 
acts upwards during forward running, and inasmuch as one piston 
is at half-stroke when the other is near the dead-centre, it pro- 
duces a rolling motion from side to side round a longitudinal axis. 
At the same time it also causes an up-and-down movement of the 
whole engine round the driving-axle—“ galloping”—and the 
galloping and rolling together produce an “ elbowing” motion. 

Since the only practical: way of balancing an engine is by a 
weight in the wheel, it remains to be determined how nearly 
perfect equilibrium can be attained by this method. If the 
connecting-rod were of infinite length the disturbing force would 
increase or decrease with the cosine of the crank-angle, and its 
equation would be 


Disturbing force = mr w? cos 6 


(m being the mass of the moving parts, r the radius, and w the 
angular velocity of the |crank). At the dead-centre, cos 6 = 1, 


1 See Appendix IV. 
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and the disturbing force is then = mrw?, that is to say, the 
centrifugal force. If then a mass whose centrifugal force equalled 
mrw* were placed opposite the crank the engine would be per- 
fectly balanced as to its fore-and-aft motion. But the effect of 
the finite length of the connecting-rod is that the disturbing force 
varies with the expression 


n? (cos* @ — sin? 6) + sin‘ 6 


cos @ + 
(n? — sin? 6)? 
where n is the ratio of the length of the connecting-rod to that of 
the crank. This formula is given by Mr. Imray in his Paper on 
“High-Speed Motors.” Now, since the horizontal compouent of 
the centrifugal force of the balance-weight varies with cos 6, 
there is a continual discrepancy between it and the disturbing 
force. The horizontal disturbances being far more injurious to the 
stability of the engine than those in a vertical direction, the 
Author proposes to determine how nearly it is possible to eliminate 
them. 

The problem has been worked out for a 7-foot single-wheel 
express engine, the particulars of which are :— 


Radius ofcrank . . . . . . . . . . £I2inehes 
Centres of cylinders. . . . . .:* . . 24 ,, 

- wihieele: <5 4. A & ce oe 4 ow GS SOO ogg 
Radius of balance-weight . . . . . . . 88 ,, 
Weight of piston and appendages .- . . . . 350 Ibs. 

i crank-blades and pin. . . . . . 480 ,, 


The weight of, the connecting-rod is 400 lbs., and it is assumed 
that the big end and half the length of the rod, which together 
weigh 250 lbs., are revolving with the crank, and that the small 
end and half the length of the rod, which together weigh 150 lbs., 
are reciprocating with the piston. This gives a total reciprocating 
weight of 500 Ibs., and a total revolving weight of 680 lbs. The 
connecting-rod is 6 feet 6 inches long, and the crank being 
12 inches the ratio of the two isas 6:5 to1. The engine is in 
all cases assumed to be travelling at 60 miles per hour, at which 
speed a 7-foot wheel makes 240 revolutions a minute. 

The disturbing influence ofthe reciprocating parts will be first 
considered. These weigh 500 lbs. At the dead-centre the crank, 
connecting-rod, and piston-rod, are all in one straight line, and 
this weight of 500 lbs. may be assumed to be acting as if fixed to 


1 Minutes of eeaciant Inst. C.E., vol. lxxxiii. p. 121. 


Papers.) HILL ON COUNTER-BALANCING LOCOMOTIVES. 271 


the crank-pin. The centrifugal force of it at the given speed is 
found to be 9,807 lbs., and the curves in Figs. 1-6 represent the 
disturbing forces during 1 revolution. 

In order to show the effect produced by the obliquity of the 
connecting-rod, it has been assumed in the first place to be of 
infinite length, and the corresponding result is given in Fig. 1, 
curve No. 1. 

Curve No. 2 represents the expression 


n” (cos?@ — sin?@) + sin* 6 
eee ote 
(n? — sin? 6)? 


which is the second term in Mr. Imray’s formula for a connecting- 
rod of efinite length, and shows how the disturbing force is 


Fig. 1. 


‘ + FORWARDS / 





modified by the obliquity of the connecting-rod. Curve 3 is the 
sum of these two, that is to say, the graphic representation of the 
complete formula. It will be seen that the extra disturbance, 
caused by the finite length of the connecting-rod, is too great to 
be neglected. 

It has been already stated that in the example selected, the 
centrifugal force of the reciprocating parts, assumed to be concen- 
trated at the crank-pin, is 9,807 Ibs. N ow, the disturbing influence 
of the reciprocating parts, for successive crank-angles, is equal to 
this centrifugal force multiplied by the corresponding values of 
the expression 
n* (cos? @ — sin? 6) -++ sin* 6 


cos 6 + 7 
(n? — sin? 6) 
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For instance, the disturbing force at the front dead-centre is 
9,807 Ibs. « 1°1538 = 11,315 lbs. Working out in a similar 
way the values for the other crank-angles, the data were ob- 
tained, from which curve 1, Fig. 2, representing the disturbing 
influence of the reciprocating parts for one revolution, was 
prepared. 

To this has to be added the disturbing force caused by the 
revolving parts. These weigh 680 lIbs., and their centrifugal 
force is 13,357 Ibs. The horizontal component of this force 
produces a longitudinal disturbance, which varies with cos 0, 


Fig. 2. 
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and is represented by curve 2, Fig. 2. Curve 3 shows the total 
disturbing force of the revolving and reciprocating parts 
combined. 

Hitherto only one crank has been dealt with. To get the 
total disturbing force on the engine it is necessary to combine 
the effects of the moving parts on both sides. In Fig. 2 the 
dotted line, curve 4, is that of the disturbing force of the recipro- 
cating, and ourve 5 that of the revolving parts of the other crank, 
90° behind. Curve 6, Fig. 2, is the resultant of these two, and 
finally the thicker black curve, No. 7, obtained by combining 
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curves Nos. 3 and 6, is that of the total longitudinal disturbing 
force due to both sides of the engine. 


Sinuous Force. 


So far only those forces have been considered which act back- 
wards and forwards, and it is necessary now to examine the 
equally destructive disturbances which are directed sideways and 
give the engine a sinuous motion. Le Chatelier first pointed out 
that the force on each crank is not confined to its own wheel, but 
is exerted on both according to their respective distances from its 
line of action. The disturbing force of the revolving and recipro- 
cating parts acting at one crank tends to turn the axle about its 
centre of gravity, and that at the other crank produces a similar 
effect on the opposite side of it. When the right-hand crank is on 
its front dead-centre there is a force of 24,672 lbs. on it directed 
forwards, and pushing the head of the engine to the left, and a 
force of 1,601 lbs. on the left-hand crank, acting backwards, and 
pulling the locomotive round in the same direction. Taking 
moments round the centre of the axle, the leverage being in each 
case 1 foot, there is found to be a total force of 26,273 Ibs., turning 
the head of the engine to the left. 

The algebraic sum of the turning forces of the two cranks 
during 1 revolution of the axle is given graphically in curve 1, 
Fig. 3, which represents the resultant sinuous force on the engine, 
und shows the necessity of so arranging the balance, if possible, 
that it shall counteract this turning force as well as the fore-and- 
aft disturbance. 

It will be seen at once that an engine cannot be balanced, both 
as to its horizontal and vertical disturbances. ff horizontal 
equilibrium is aimed at it must be got by a balance-weight, which, 
while counteracting the disturbance of the reciprocating parts by 
its horizontal action, will develop also a superfluous vertical 
force, thus causing a new disturbance. If, on the other hand, 
vertical equilibrium is required, the reciprocating parts must 
remain unbalanced. 

As in the Author’s opinion the horizontal disturbances are far 
more harmful than the vertical, the Jatter, which cause pounding, 
rolling, and galloping, will be omitted for the present until the 
method of counteracting the former has been dealt with. 

Mr. D. K. Clark has fully explained this in his work on 
“‘ Railway Machinery,” and the rules which he there gives have 
been almost universally adopted. 

[THE INST. C.E. VOL. Civ. ] T 
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Since the weight of the moving parts, which has been assumed 
to be concentrated at the crank-pin, is not in the plane of revolu- 
tion of the balance-weight, a couple will be left at each crank 
after its balance has been adjusted. The effect of these two 
couples will be to cause a sinuous motion of the engine about 
the centre of the crank axle, which must be got rid of by 
making the sum of the moments about the centre of the axle 






+ RIGHT 


of the two balance-weights and of the two cranks equal to 
zero. 

This can be done by dividing each balance-weight into two 
parts and putting one in each wheel, so that, for example, the 
balance-weight of the left-hand crank is placed part upon the left- 
hand wheel and part upon the right-hand wheel. 

It will be seen that, when the other side has been treated in a 
similar way, there will be two weights, a large one and a small 
one, in each wheel. By supposing these to move towards each 
other through a space inversely proportional to their masses, a 
position may obviously be found at which a single balance-weight 
may be placed so as to have the same effect as the pair. The 
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weight of this is found by extracting the square root of thejsum 
of the squares of the two weights. The formulas are 








, ; b 
, the 1 ee ee 
p, the large weight ae M (1) 
p, the small weight = £ : = : .-M (2) 
m, the resultant weight = ./ wp? + p? . (3)} 


To find the inclination of the balance-weights the smaller must 


a Fig. 4. 
goecc 
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270 
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be divided by the larger ; the result will be the tangent of the angle, 
which each balance makes with its own crank, diverging from 
it towards the other crank. As horizontal equilibrium is aimed 
at, the whole of the parts which, cause disturbance must be 
balanced. 

The application of these formulas to the engine re consider- 
ation, the disturbing parts of which weigh 1,180 lbs., gives 300 Ibs. 
for the large weight, 128 lbs. for the small weight, and 326 Ibs. 








oe a 


1 See Appendix, p. 282. 
T 2 
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for the resultant weight, the centre of gravity of which is 33 inches 
from the centre of the wheel. 

The angle, which each balance makes with its own crank, is 
found to be 23° (see Fig. 9, Appendix). The weight of the balance 
being 326 lbs., its centrifugal force equals 17,647 lbs. Now, the hori- 
zontal component of this force is the part which balances the fore- 
and-aft motion, and is equal to the centrifugal force inultiplied by 
the cosine of the angle, which the balance-weight makes with the 
centre line of the engine. 

Working this out for successive crank-angles, the Author 


Fig. 5. 
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obtained curve 1, Fig. 4, as the expression of the horizontal com- 
ponent of the centrifugal force of the right-hand, and curve 2 as 
that of the left-hand balance-weight. Curve 3 shows the total 
horizontal force of the two balance-weights combined. 

The result of the investigation is given in Fig. 5, in which 
curve No. 1 is identical with curve No. 7, Fig. 2, and represents 
the total longitudinal disturbing force, and curve No. 2 is the same 
as"curve No. 3 of Fig. 4. It will be seen that the resultant, curve 
No. 3, Fig. 5, is so nearly a straight line that it can only be 
indicated by a slight thickening of the zero line, and the following 
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Table is therefore given to show that the engine is almost perfectly 
Decimal places 


balanced as regards its longitudinal movements. 
have been neglected in the working. 






































+ Forwards. — Backwards. 
Right Hand Total Disturbing ‘Total Balancing ! Resultant Disturbing 

Crank. Force. Force. ' Force. 
a Lbs. Lbs. : Lbs. 
0 + 23,071 — 23,117 —~— 46 
18 + 29,146 — 29,152 -— 6 
36 + 32,898 — 32,311 + 87 
54 + 32,398 — 32,311 + $7 
Ap: + 29,146 — 29,152 —- 6 
90 + 23,071 — 23,117 — 46 
108 | + 14,832 — 14,858 ! — 26 
126 + 5,161 — §,117 + 44 
144 — 5,077 + 5,117 + 40 
162 | — 14,907 + 14,858 — 49 
180 — 23,257 +. 23,117 — 140 
198 — 29,221 +. 29,152 — 69 
216 ; — 32,314 + 32,311 - 3 
234 — 32,314 + 32,311 - 3 
252 — 29,221 + 29,152 — 69 
270 — 24,257 + 23,117 — 140 
288 : — 14,907 + 14,858 — 49 
306 | — 9,077 + 5,117 + 40 
324 + 9,161 — 9,117 + 44 
342 + 14,832 — 14,858 | — 26 
360 + 23,071 — 23,7 — 46 





Srinuous Motion. 


It remains to be seen whether the engine is also balanced as 
to sinuous motion. When the right-hand crank ig on its front 
dead-centre, the force of the corresponding balance-weight is 
pulling the head of the engine to the right; those of the left-hand 
crank and left-hand balance-weight are pulling it to the left, and 
the force of the right-hand crank is pushing it to the left. For 
lateral equilibrium, the sum of the moments of all these forces 
round the centre of the axle should vanish. Working this out for 
successive crank-angles, curve 2, Fig. 3, is found to represent the 
resultant sinuous force on the engine, and shows that while the 
longitudinal disturbing force is practically destroyed, the sinuous 
disturbing force is very much reduced.! 


™ See Appendix, p. 285. 
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VERTICAL FORCES. 


In order to balance the reciprocating parts, which produce only 
horizontal disturbances, a weight has been added, which has both 
horizontal and vertical action. There results from this a superfluous 
vertical action. Taking the total vertical force of each balance- 
weight, which is equal to its centrifugal force multiplied by the 
sine of the angle which the crank makes at any moment with the 
centre line of the engine, and combining the action of the two, a 
curve is obtained which is represented by curve No. 1, Fig. 6. 


hig. 6. 


20000 


a 
~ 
~ 


40000 a 13 





But part of this vertical action is neutralized by that of the 
revolving parts, which equals their centrifugal force multiplied by 
the sine of the crank-angle. Working out these values and com- 
bining the action of both cranks, the Author has obtained curve 
No. 2, Fig. 6. Curve No. 3 is the resultant of curves Nos. 1 and 2, 
and shows the excess vertical action at the axle. 

This, however, is not the only force which tends to give the 
engine an up-and-down movement. The obliquity of the con- 
necting-rod causes a pressure on the slide-bars, which acts 
upwards during forward running, and which equals the total 
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pressure on the crosshead, multiplied by the tangent of the 
angle which the connecting-rod makes with the axis of the 
‘cylinder. To get the total pressure on the orosshead, it is 
necessary to take the steam-pressure on the piston, and add 
to, or subtract from, it the additional pressure caused by the 
retardation or acceleration of the reciprocating parts. Since this 
disturbing force is not a constant quantity, but varies with the 
steam-pressure, the cut-off, and the speed of the engine, it has been 
thought useless to show its effect in modifying the vertical 
disturbances on Fig. 6. The excess vertical force of the two 
balances, together with this vertical action on the slide-bars, through 
being greatest first on one side and then on the other, causes a 
rolling® motion of the engine from side to side. At the same time 
the upward pressure on the slide-bars, continually changing in 
magnitude, imparts a galloping movement to the locomotive, round 
the axle of the driving-wheels. 

Hitherto the engine has been considered as running with 
steam on. But whether it is on or off does not alter the fore-and- 
aft disturbance. It does, however, affect the sinuous motion, since 
when the steam is shut off, the piston, instead of being moved by it, 
is alternately pushed and pulled by the crank. Thus the disturbing 
forces are made to act at the axle instead of at the cylinders, and 
have consequently more power over the mass of the engine. This 
explains the fact that engines run more steadily with steam on at 
high speeds. From the fact that the crank-axle is moving the 
piston instead of being moved by it, when steam is shut off, it 
follows that the pressures on the slide-bars, caused by the accelera- 
tion and retardation of the reciprocating parts, also change their 
direction from upwards to downwards, and this modifies the rolling 
and galloping of the engine. : 

In this Paper it has throughout been assumed that the horizontal 
forces are the most injurious to the stability of the locomotive. Some 
engineers in America consider the vertical disturbances to be the 
most harmful, principally on account of their effect on the rails and 
bridges, and balance their engines accordingly by not taking into 
account the action of the reciprocating parts.! 

In England the majority of the locomotive superintendents aim 
at the mean between excessive vertical action on the one hand, and 
horizontal on the other, by only balancing part of the disturbance 
caused by the reciprocating parts. 


See leanne 





a eet: 





? Transactions of the American Society of Mechanical Engineers, vol. ii. 
p. 274; American Institute of Mining Engineers, vol. ix. p. 375; Mailway 
Engineer, July 1890, p. 174; November 1889, p. 339. 
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The Author’s reason for regarding the horizontal disturbances 
as the most destructive is that, whereas the vertical forces act on 
and are taken up by the springs, the horizontal disturbances act 
through the axle, axle-boxes and horns, and are thence transmitted 
to every part of the engine and its connections with the tender and 
train. He believes that by balancing them as far as possible, the 
saving in coal, and the reduction of wear and tear, would more than 
compensate for the increased cost of turning up the tires which 
would be made necessary by the excess vertical action. No doubt 
this would not be the case in America, where the weight of the 
moving parts frequently exceeds 2,000 lbs., and it would be quite 
impossible to fully balance the longitudinal disturbances, with due 
regard to the safe running of the engine. 

In conclusion, the Author desires to express his thanks to the 
Locomotive Superintendents of all the principal railways who have 
given him every information as to the rules they use for balancing 
their engines, and to Mr. C. G. Crump, of the Record Office, for 
checking much of his mathematical working. 


The Paper is accompanied by two tracings from which Figs. 1 to 
9 have been prepared. 
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APPENDIXES. 


APPENDIX I. 
THEORY OF THE METHOD OF BALANCING AN INSIDE-CYLINDER Srincur ENGINE. 


A A’ is an axle, of which O is the centre. 
BP = p, and B’ P’ = p’, are the two cranks. 
B O = b = distance from the centre of the engine to the centre of the 


cylinder. 
AO = a = distance from the centre of the engine to the centro of the 
wheel. 


AK =r = distance from the centre of the axle to the centre of gravity 
of the balance-weight. 


Let a weight of M Ibs., fixed to P, represent that of the moving parts referred, 
to the crank-pin. 


Fig. 7. 
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The force on the crank BP affects each wheel in proportion to its distance 
froin the line of action, and must be met, in order to neutralize its effect on the 
engine, by other weights opposite it, one in “each wheel, viz., at K and K’. 

In like manner two weights must be placed opposite the other crank B' P’, 
one at L and the other at L’. 

Let w be the angular velocity of the axle. Now the weight at P is M lbs. 


2 
and therefore the centrifugal force at B is he acting along BP. Let « 
and «’ be the weights to be placed at K and K’.« Then the centrifugal forces 
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iar ere 
due to these are similarly : "Go an 


The first condition which must be satisfied is that these forces must be in 
equilibrium, ze. the sum of their moments round O must vanish. 


2 , 2 
Thus: oe er ae a shed -b=0O; 


g 
ae. erad—-uwtra—-Mpdb =; 
M - oP (1.) 
or it a ee a 


Again, the centre of gravity of these weights must be on AA’. Now the 
centre of gravity of » and uw’ lies somewhere along K K’, say, at Q. 

Let QC be drawn perpendicular to A A’, and let PQ be joined, cutting A A’ 
in D. Now the force acting at P is M, and that at Q is «+ 4’. But the 
centre of gravity must be at D, and this will be the case if M: e+ #3: DQ: 








PD. But DQ:PD::r: p, 80 that— 0 
ia =e = MP eH we a See gee, ee 
But um p= M. OP 2 & 
therefore 2u=M.? > 1+ a 
and M. fe ss ame . 2; 
and uM. gee IL. 


Now it is clear that there will be a weight »’ acting at K’, and another » 
acting at K, and similarly for the other crank p’ at L, at nat L’. But » and py’ 
may be replaced by a weight m which will have the same effect 


if M=f/u? pw? . . 2... CTD 


U 


and if 1 = tin 6 Sus. foe. CH. Bow. Ai me ee ep GEMS 


where @ is the angle which 4 makes with its own crank, diverging from it 
towards the off crank (Fig. 8). 


Fig. 8. 


" 


When this is done for both sides of the engine, eachybalance-weight will 


diverge from its own crauk towards the other, so that the angle between the 
two will be less than 90°. 
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Balance- Weights for the Engine under Consideration. 








Lbs. 
Weight of the revolving parts referred to the erank-pin . = 680 
Weight of the reciprocating parts referred to the crank-pin . = 500 
Total weight . 2. . . . . . . 0 64,180 
Dimensions. (See page 281.) 
Inches. 
a = 380 
b = 12 
p = 12 
r = 33 
: = 12 30+12 _ ae 
By equation TIT... . w= 1,180- je” ag 300°36 lbs. 
” ” II . : . ° we = 1,180 ee 7 ss a Me = 128°72 ” 
; » ID. . . . m= A800°36? + 128°72? = 326-7 _,, 
Inclination of Balance. 
—128°72 _—C,, _ 
By,equationIV . . . . . . . 300°36 7 0°429 = tangent 6, 


6 = 23° approximately. 


Thus the balance is placed at an angle of 23° with the near crank, diverging 
from it towards the off crank. The two weights are situated asin Mig. 9. 


Fig. 9. 


LEFT MANO 
CRANK 








RIGHT HAND 
CRANK 


RIGKT HAND 
BALANCE 


LEFT HAND 
BALANCE 






For an outside-cylinder engine the same rule may be used, but in this case 
the angle which the two balance-weights make with each other is greater than 
aright angle. For a coupled engine the difturbing parts may first be balanced 
as if they were not coupled; then the same may be done with the side roda, and 
the one result subtracted from the other. 

N.B.—This only holds good when the outside cranks are opposite the inside 
cranks, When the two cranks are on the same side of the axle, the side-rods 
have to be balanced. 
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APPENDIX II. 


It has been shown in this Paper, in the section relating to the history of 
balancing, that many plans have been invented of having two cylinders on each 
side of the engine, and at the same end, the action of one of which should 
neutralize that of the other. 

An important point seems to have been overlooked, viz., the effect produced 
by the finite length of the connecting-rod. If both connecting-rods were 
infinitely long, and the cranks 180° apart, the action on the one would counter- 
act that on the other, as the disturbances caused by each would be the same 
at every point, whereas one would be positive while the other was negative. 
The separate effect of each would be represented by curve No. 1, Fig. 1. 

But on taking into account the extra disturbances shown on curve No. 2, Fq. 1, 
which aro those caused by the finite length of the connecting-rod, it will be 
seen that, instead of being neutralized, they are doubled, since the disturbances 
caused by cach crank are the same at every point, and with the same signs also. 
This objection only applies to those engines like Haswells, where the cylinders 
are on the same side of the axle. 

The following Table shows the effect of placing two cylinders side by side 
with cranks 180° apart : 





Finite ese Lal ratio 6°56: 1. 


Infinite Connecting-rod. 
n2 (cos? @ ~ sin? @) + sint 6 























Values of cos @ Values of — n n? = sin? 6) 3 
Crank a, ran | oe Resultant. rept | Secon Resultant. 
| | | eee ae ree 
0 | +1:000; 1-000 : 0 4+0°1588 +0°1538 | +0°3076 
18 | 40°951 0-951 0 | 40°1245 +0°1245 | +0°249 
36 | +0°809 | —0:809 0 +0°0485 +0°0485 | +0°097 
S$ 07588 | = 0088, 0 —0°0445 —0'0445 | —0°089 
7 +0°309 | —0°309; 0 | —0°1281 | ~0°1281 | — 02562 
90 , 9:000' 0-000 | 0 | —0°1633 —0°1633 | — 0° 3266 


eee REARS ET st SS ISP SPT APS APACE 


As regards lateral movements, it will be observed that the disturbance due to 
the obliquity of the connecting-rod disappears, while that caused by the centri- 
fugal force x cos @ is doubled. But as the cylinder centres will be very close 
together, and thercfore nearly equidistant from the centre of the axle, these dis- 
turbances will not be at all large. 

It is often claimed that an engine with three cranks, 120° apart, will be per- 
fectly balanced. This would be the case, longitudinally, if the connecting-rod 
were of intinite length. But taking | successive values of the complete formula 


2 29. 2 ‘ 
won tt” (e088 sin 0) + sin‘ 0 





eee ee ee eee en 


(n? — sin? 6) 2 


for each crank, and combining the three, it will be found that the longitudinal 
disturbances, though not cutirely destroyed, are much reduced, while on the 
other hand the sinuous disturbances are very bad indeed. 


bo 
es) 
peed | 
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It will be noticed that while the longitudinal disturbances are almost ontirely 
destroyed by this method of balancing, the transverse disturbances are not 
reduced in a corresponding degree. This is due to the finite length of the con- 
necting-rod. The movements caused by the revolving parts arc completely 
neutralized, but those due to the reciprocating parts, which are cqual to their 
centrifugal force multiplied by the corresponding valuc of :— 


n? cos” 9 — - sin? ] sin* @ 
{cos 6 + a ae ja 


‘(2 — sin? 6) 3 
are left partly unbalanced. 

If the connecting-rod were of infinite length, the disturbance would equal the 
centrifugal force x cos 6. Hence the centrifugal force x the value of the second 
term of the above expression gives the extra disturbance caused hy the finite 
length of the connecting-rod. This cannot be counteracted by a balunce-weight, 
the compensating force of which necessarily varices with cos 6. 

Thus the disturbing force left over is, for one cylinder : — 


n® (cos? 6 — sin? 6) +- sin‘ 6 


W. R. N?0-00034 x (n? = sin? ) 3 


and for the other cylinder, whose crank is 90° behind :— 


W.. R. N- 0:00034 x ne (sin? 6 via cos? 0) + cos! 6 6 


(n? — cos? 6) 3 
Working out these values for successive crank-angles, and combining those 
due to both cylinders, it is found that with one crank 90° behind the other, tho 
longitudinal disturbance is nearly destroyed, but at the same time a couple is 
left which increases the transverse disturbances. 



































































eee | wired, | Manat. Lagi, | Beam 
0° ! +0°1538 | : —0°1633 : — 00095 | 0°3171 Left. 
18° 40: 1249 —0°1255 | —0-0006 | 0-25 504, 
36° | -.0°0485 00445 | +0°004 | 0-093 ,, 
54° —0-0445 40-0485 | 40-004 | 0-093 Right. 
799 —0°1255 +0-1249 | —0-0006 | 0-2504_,, 









—0:0095 | 0°3171 _,, 





—0°1633 | 





4+0°1538 


These resultant longitudinal values, multiplied by the centrifugal force of the 
reciprocating parts, give the disturbance that is left after the engine has been 
balanced by the preceding method. 

With regard to lateral equilibrium, it will be seen from the last column of the 
above Table that a couple is formed ; for example, when the right-hand crank angle 
= 0°, there is a force = 9,807 lbs. x 0°1538 pushing the head of the engine to 
the left, and a force = 9,807 Ibs. x 0°1633 pulling it also in the same direction. 
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The leverage of the couple is 1 foot, as the centres of the cylinders are two feet 
apart. 

Hence the total force at this point is 9,807 Ibs. x 0°3171, turning the head of 
the engine to the left (vide curve 2, Fig. 3). The product of the centrifugal 
force of the reciprocating parts, and the successive values of this couple, gives 
the unbalanced sinuous force on the engine. 


APPENDIX IV. 
THe Errect of THE STEAM ON THE DISTURBANCES OF A LOCOMOTIVE. 


Mr. Robert Stephenson, in his evidence before the Gauge Commissioners in 
1845,' being asked whether he did not think that outside cylinders caused more 
disturbance than inside cylinders, through the alternate action of the piston, 
replied :— 

“It is exceedingly difficult to say; I cannot make up my mind about it. If 
you consider the action of the cylinder, it is perfectly rigid metal—engine and 
cylinder together. Now when the steam presses upon the piston, it is at the 
same time pressing against the lid of the cylinder; the action and re-action 
must be equal. Therefore, I do not believe that it is the steam that causes the 
irregular action, but I believe it to be the mere weight of the pistons them- 
selves; and therefore, if we could continue to balance the pistons by the 
weight upon the wheel, we should get rid of that very much.” 

The opinion that an engine can be balanced by means of a suitable amount 
of compression, is still held by some. The following considerations, taken in 
conjunction with those quoted above, seem conclusive against it. The dis- 
turbances are caused by two things—the weight of the moving parts, and 
their speed. The weight is a constant quantity. Hence, in order to lessen 
the amount of the disturbance, the compression in the cylinder would have 
to be such, that it would reduce the velocity of the moving parts, and, there- 
fore, of the driving-wheel, and would thus introduce an irregularity in the 
speed of the train which is the very thing that it is desirable to avoid. The 
due regulation of the compression of steam in the cylinders is equally impor- 
tant with the bglancing; but the object of it is, in the Author’s opinion, 
entirely differcnt, namely, to equalize the effort on the crank-pin. He has 
therefore omitted the consideration of it from the Paper, as being really a 
separate branch of the subject. 


Report of the Gauge Commissioners. Carriages. Questions Nos. 246-7. 
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OBITUARY. 


GRANVILLE GEORGE LEVESON-GOWER, second Karl Gran- 
ville, was born on the 11th of May, 1815. It is unnecessary in 
this place to enlarge on his political career as a leading member 
of successive Liberal Administrations since 1841. It will suffice 
to record that he was an attaché of the British Embassy in Paris 
during part of 1835 and 1836, and in the latter year was elected 
Member of Parliament for Morpeth, a seat which he soon after- 
wards exchanged for Lichfield. He was Under-Secretary for 
Foreign Affairs in 1840-1. In 1846 he was called to the House 
of Lords on the death of his father, the first Earl. From 1846 
to 1848 he held the office of Master of the Buckhounds; from 
1848 to 1851, that of Vice-President of the Board of Trade. In 
1851-52 he was Secretary of State for Foreign Affairs; in 1852-54, 
1855-58, and 1859-66, President of the Council; in 1868-70 he 
was Secretary for the Colonies; from 1870 to 1874, and from 1880 
to 1885 he was again Foreign Secretary, and for six months in 
1886 again Colonial Secretary. He was also an Elder Brother of 
the Trinity House, Chancellor of the University of London, and 
from 1865 to the time of his death, Lord Warden of the Cinque 
Ports. 

Lord Granville’s association with this Institution began in the 
year 1865, when he first attended the Annual Dinner, being 
invited officially as a member of the Government of "the day. He 
afterwards accepted the Council’s invitation on no less than eight 
occasions, being present in 1867, 1869, 1870, 1874, 1878, 1884, 
1886, and 1890. At all of these banquets he manifested his 
goodwill to Engineers by making speeches couched in the most 
appreciative strain. It mostly happened that he had to return 
thanks for the Government, a function which he fulfilled with 
all the gracefulness and tact for which .he was renowned, taking 
care that in a non-political assentbly there should be no note 
of gratulation likely to offend those of opposite opinions to his 
own. Occasionally he spoke for the Upper House, notably in 
1890. It happened that Lord Rosebery, being of senior creation, 
was deputed to return thanks for the House of Lords, but he 
flatly refused to do so in the presence of the older peer. Lord 
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Granville, thus called upon, made,Son the spur of the moment, 
one of his happiest efforts. With singular felicity, he disclaimed 
disinterestedness in his praise of engineers on the score of his 
association with them as an individual whose business it was to 
dig out coal and ironstone, and to make iron and steel for their 
consumption. At previous dinners he had claimed fellowship 
with the exponents of engineering science, and in 1881 it was 
thought well to mark the sense entertained by the Institution 
of his Lordship’s genial overtures by nominating him as an hono- 
rary member. His certificate bears date the 6th of December, 
1881, and after reciting his titles and honours, details his having 
filled the office of Vice-President of the Royal Commission for 
the Great Exhibition of 1851, his Chancellorship of the Gondon 
University, his Chairmanship of the Commissioners of the Exhibi- 
tion of 1862, and lastly, his interest in the production of iron, 
and his great and varied accomplishments, as qualifying him to 
be elected. It is needless to say of so courteous a gentleman as 
Lord Granville that he gracefully accepted the honour, and duly 
fulfilled the prescribed formalities attendant on his election. 
Owing to his Staffordshire estates largely producing coal and 
ironstone, which latter was worked up in his own furnaces, Lord 
Granville was intimately connected with the iron-making industry 
of the country, which no doubt disposed him to take an active 
interest in the objects for which this Institution was established. 
In any case, he occupied a unique position among its Honorary 
Members, and one that is not likely to be easily refilled. 

Lord Granville died on the 31st of March, 1891, in his seventy- 
sixth year. 


STEPHEN BALLARD was born on the 5th of April, 1804, at 
Malvern Link. His father, Mr. Phillip Ballard, was a solicitor. 
After the usual term of schooling, which in that day was not of a 
wide range, his tastes led him to the congenial occupation of a 
nurseryman, and for some years he was with Messrs. Lee and 
Kennedy, of Hammersmith. Leaving this calling, he determined to 
learn building, and apprenticed himself for three years to Mr. Lucy, 
of Cheltenham, who afterwards worked for Mr. Ballard when the 
latter had become a large employer of labour. He then became, 
through the influence of Mr. Biddulph, the grandfather of Mr. M. 
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Biddulph, M.P., manager, and afterwards engineer, of the Hereford 
and Gloucester Canal, and carried out the extensions of the same 
between Ledbury and Hereford. On the completion of that work 
Mr. Ballard was appointed Resident Engineer by Messrs. Walker 
& Burges of the Middle Level Main Drain. This work was 
carried out under his supervision from the Ouse to the junction 
with the sixteen-foot river at Upwell. It was when this was on 
the point of completion that he was introduced to Mr. Brassey, 
whoin he met accidentally at the Cambridge railway station. 
Mr. Brassey, who had contracted for the making of the Great 
Northern Railway between London and Peterborough, was return- 
ing to London from a visit of inspection to the country through 
which the line was to pass—a portion of the land being a “ quak- 
ing bog.” On consulting one of his trusted agents as to this 
difficulty, the agent said, “Ask Mr. Ballard ; he has had consider- 
able experience in the Fens.” Mr. Ballard became Mr. Brassey’s 
principal agent for carrying out the works of the Huntingdon 
district, extending from Biggleswade to Peterborough, upon 
which section occurred by far the most difficult part of the line, 
the railway traversing the Fen country. The method adopted by 
him was to build up gradually a kind of solid raft, formed of 
alternate layers of faggots and peat sods, the effect being to displace 
the water, but to leave the solid parts behind. Great stress was 
laid by Mr. Ballard on the necessity, in all such cases, of proceed- 
ing slowly, adding the weight little by little, so as to allow the 
water time to escape. | 

In 1851 he went to India to inspect the country for a line of 
railway; but his stay was confined to a few months, the climate 
not agreeing with him. In 1852, in conjunction with Mr. Brassey, 
Mr. Ballard undertook the construction of two sections of the 
Dutch Rhenish Railway between Utrecht and Rotterdam and 
between Arnheim and the Prussian frontier. A great portion of 
the line—between Utrecht and Rotterdam—was over peat similar 
to that of the Fen district of the Great Northern Railway, and 
was successfully executed by Mr. Ballard in the manner there 
adopted. 

His next work was the Worcester and Hereford Railway. His 
efforts to promote this undertaking® exhibited him in an unusual 
light. In the early days of railways, the companies had to 
contend with the'greed of landowners, and fabulous sums were 
often demanded for land of little value. When Mr. Ballard was 
applied to for a part of his land, which was required for the line, 
his answer was, “Take it at your own‘price”; and to those who 
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feared that his generosity might be to their pecuniary dis- 
advantage, he declared that so sure was he of the benefit that 
would ultimately accrue to all by its construction, that he would 
not hesitate to make a present of his land rather than that the 
project should not be carried out. 

The Ashchurch and Evesham Railway next engagedMr. Ballard’s 
labour, in 1862, and in 1864 the Evesham and Redditch line, both 
of which mado heavy demands on his strength and patience with- 
out corresponding profit. But it was a principle with Mr. Ballard 
first to discharge his obligations, not allowing the risk of loss to 
interfere with his sense of honour. His last undertaking was 
the extension of the Midland Railway from Bedford to London, 
which was commenced in 1865. 

Perhaps no employer was ever regarded with more real respect and 
affection by his workmen. They felt that their master was a friend 
in whom they could place implicit trust. Numbers of the old em- 
ployees would from time to time call at Mr. Ballard’s house, The 
Winnings, some in less prosperous circumstances than aforetime, but 
many who had attained positions of ease and comfort by their in- 
dustry and sobriety. They never called without receiving a hearty 
greeting, and thoughtful help when help was needed. <A pleasing 
incident illustrative of this reciprocity of kindly feeling transpired 
only recently. Mr. Ballard took with him to Holland, in 1852, 
a number of workmon. One of them was offered a permanent 
situation on the completion of the railway, which he accepted: 
After the lapse of thirty-eight years the man made a journey from 
Holland to Colwall to see his old master. This is but a solitary 
instance of the cementing influence which a generous and true- 
hearted employer exercised on material not the most easily 
wrought upon. 

He purchased and settled on the appropriately-named Winnings 
estate about forty years ago, erecting his own and several other 
handsome residences upon it. His model farm buildings have 
been copied in many places. The village and neighbourhood 
of Colwall has undergone a variety of improvements through 
Mr. Ballard’s instrumentality. Ten years ago he built a Work- 
men’s Hall and Temperance Hotel, and he has carried on a 
successful vinegar manufactory. The “Jubilee Drive,” which is 
a fine road along the upper side of the Malvern Hill, a welcome 
alternative to the old highway at the base of it, will long be 
associated with his memory. He was not only the prime mover in 
this enterprise and the largest subscriber, but gave a considerable 
portion of the land, and superintended the whole of the work. 
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One incident, characteristic of his nature, may be mentioned . 
here. It became necessary to banish a number of starlings, which 
had fixed their nests about the mansion, at The Winnings. Mr. 
Ballard built a bird-house for them in the grounds, and so suitably 
did it meet their tastes that they removed to it of their own accord. 

Four Papers from his pen have appeared in the Minutes of 
Proceedings,’ and not many weeks before his death he brought out 
a second edition of his pamphlet on “Cheap Railways,” in which 
he advocated the construction of light lines in many places where 
the ordinary heavy system would not.be profitable. This idea is 
bearing good fruit in Ireland. Te was a geologist, and was very 
fond of botany, and a horticultural show has been regularly held 
on one of his meadows. At the model farm-buildings he presided 
every autumn over one of the most enjoyable “ harvest homes ” 
that could be conceived. In consequence of his serious illness, 
last autuinn passed by without the usual festivities. 

He died on the 14th of November, 1890, in the eighty-seventh 
year of his age. According to his expressed desire, he was interred 
in a steined grave mado on the top of a high mound formed with 
the soil from the boring of the Malvern railway tunnel. This 
tump is about 300 yards from The Winnings residence, and ap- 
proached by a road known as “ Ballard’s Drive,” leading to the 
Malvern Hills. A few yards from the grave is the third ven- 
tilating shaft of the railway tunnel. It is almost exactly in the 
centre of the estate, near to the field in which the flower shows 
have taken place, and in view of handsome plantations of trees, 
in the culture of which Mr. Ballard took such delight. 

Mr. Ballard was elected an Associate of the Institution on the 
14th of March, 1837, and was transferred to the class of Member 
on the 17th of February, 1846. 
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JOHN GEORGE THORNTON CODDINGTON, second § son of 
the Rev. Henry Coddington, Vicar of Ware, Herts, late Fellow 
of Trinity College, Cambridge, was born on the 29th of June, 
1841, at the Vicarage, Ware. He was educated at Charterhouse 
School, and also received private tujtion. He went as pupil to 
Sir John Macneil] in 1858, and in 1860 was sent to London- 
derry to lay out and superintend the construction of the Lough 
Swilly Hallway, Bubecduenesy. he prepared corey onary ane 
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4 Minutes of Proceedings Inst. C.E., vol. i. (1839), pp. 81, 52, vol. i. (1888), 
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contract plans of the Buncrana Branch, and took the soundings 
for a pier in Lough Swilly. He remained as Resident Engineer 
under Sir John Macneill till 1865, when all these works were 
completed and opened for traffic. In 1866 and 1867 he was em- 
ployed making surveys and setting out railways in England and 
Ireland. 

Early in 1868 Mr. Coddington proceeded to India under a 
five years’ covenant with the Government. He was posted to 
the Irrigation Department of the North Western Provinces, and 
in this branch he served till his resignation in 1879. After a 
short period of secretariat duty he held charge of the Survey for 
the Fatehgarh Branch of the Lower Ganges Canal. This work 
involved about 1,000 miles of levelling over a country where 
there was little to guide the eye, and where at the same time an 
error in location would have serious consequences. The resulting 
project was distinguished for extreme accuracy in levelling and 
comprehensive location and scope. On the commencement of the 
construction of the Lower Ganges Canal, in 1872, Mr. Coddington 
was placed in charge of the Third or Bhongaon Division of it as 
Executive Engineer. This appointment he held for about four 
years, during which time the alignment of the canal, nearly the 
whole of the extensive excavations and collection of material, and 
the construction of four large bridges—two of them on the skew— 
were carried out under his superintendence. Here Mr. Coddington 
received the acknowledgments of the Government for his success. 
He was distinguished for love of accuracy, completeness, and 
economy, and by his zeal for obtaining only the highest class of 
materials and workmanship. 

After a period of furlough he rejoined the Lower Ganges Canal 
in 1878, this time as Executive Engineer of the second or Kharganj 
Division. Just then a famine and epidemic of fever supervened 
on the failure of the monsoon rains of 1877, and there was great 
anxiety for the pushing on of the canal distributaries, both as 
relief works and for giving a supply of water to the land. Into 
his duties Mr. Coddington entered with characteristic devotion, 
and under his superintendence 55 miles of the distributary irri- 
gating channels of the Fatehgarh branch were lined out and 
prepared ready to receive tlhe water between June and December, 
1878. For this work he received the special thanks of Govern- 
ment; but the anxiety and worry were too much for his health. 
His friends prevailed on him to retire in 1879, the Government 
giving him a handsome bonus and a pension. 

After § some time spent in travelling in Germany and Italy, 
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having regained his health, he went in 1883 to Ireland to make 
plans and surveys, &c., for light railways, and in November, 1885, 
was elected Engineer-in-Chief of the Suck Drainage Board, in 
which employment he continued to the end of his life. The Suck 
Drainage dragged on for years without useful result for money 
expended, until Mr. Coddington put new life and sound engineer- 
ing into the project. 

Mr. Coddington died on the 11th of March, 1891. He was elected 
a Member of the Institution on the Ist of May, 1877. Many of his 
brother officers in India regret the genial host, the accomplished 
musician, and the kindly companion, who has passed away. 


ROBERT JOSEPH HUTTON was born in Dublin on the 22nd of 
April, 1842. He was educated at Portora Endowed School near 
Enniskillen, then perhaps the chief school in Ireland. In the 
summer of 1858 he entered Trinity College, Dublin, where he 
obtained a mathematical scholarship in 1861. He graduated at 
Michaelmas, 1862, receiving the First Gold Medal for Mathe- 
matics, in which he was bracketed equal with the late Lord 
Chancellor Naish, and the First Silver Medal in Experimental and 
Natural Science. For the next four years he served a pupilage 
under Messrs. B. and E. Blyth, of Edinburgh. During the summer 
of 1868 he was employed as Assistant Engineer by Mr. James 
Barton, on the Carlingford Bar Works. From May, 1869, to March, 
1872, he was on the Dundalk and Greenore Railway as Resident 
Engineer during its construction, also for Mr. Barton. From 
March, 1872, to 1873, he was employed by the Irish North-Western 
Railway Company as Engineer of the northern half of the line 
from Enniskillen to Londonderry and Bundoran, a length of about 
100 miles. 

From 1873 to 1874 he had charge as Resident Engineer of the 
doubling of the Whitehaven line, Furness Railway, and of the 
Arnside branch for Mr. F.C. Stileman. From 1874 to 1878 he was 
engaged as Assistant Engineer on the loop-line of the Cape Govern- 
ment Railways under Mr. W. G. Brounger, and was also at the 
same time Resident Engineer of the Orange River Bridges for Mr. 
James Fforde. After his return from the Cape he was induced to 
put his money into a large brick works near Cork, of which he 
took the superintendence. Owing to the depressed condition of 
affairs in Ireland at the time, he lost all, and had to begin again 
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as a Resident Engineer under Mr. Barton on the Cloghen Valley 
Railway. On the completion of that line he went to the Argentine 
Republic, where he was engaged on various railways as contractor’s 
engineer. 

He died on the 11th of September, 1890, suddenly, of hemorr- 
hage of the brain, at a hotel in Tigre, about 3 miles from Buenos 
Ayres. 

Those who knew him best bear testimony to the sincerity and 
simplicity of his character: truthful and candid in disposition, 
and with a high sense of duty, he was intolerant of anything ap- 
proaching what he considered hypocrisy, and some of the difficulties 
of his career are perhaps to be ascribed to his inability to bend his 
mind to take the views of others. He was elected an Associate 
of the Institution on the Ist of April, 1873, and was transferred 
to the class of Member on the 11th of May, 1880. 


ALEXANDER MACNAB was born at Belleville, Ontario, on the 
18th of March, 1837-—a memorable year in Canada, owing to the 
outbreak of the Canadian rebellion, in which his father, Captain 
James Macnab, was killed in the performance of his duty to the 
loyalist cause. 

Mr. Macnab began his professional career In 1853, and was 
engaged for two years in the construction of the Hamilton and 
Toronto Railway under Mr. Marcus Smith. He then joined the 
engineering staff of the Great Western Railway of Canada, at 
that time in course of construction, and now forming part of the 
Grand Trunk, and was connected with this line for five years 
under Mr. George Lowe Reid. In 1861 he received from the 
Imperial Government the appointment of Surveyor of Public 
Works in the Island of Granada, West Indies, but was compelled 
to resign after a few months on account of ill health. 

In 1865 he assumed the office of Chief Engineer to the Govern- 
ment of the Province of Nova Scotia, having charge of the con- 
struction and maintenance of the railways built by that Govern- 
ment. In 1872 he received +the additional appointment of Chief. 
Engineer of the Maintenance of Way Department of the Inter- 
colonial Railway, about 750 miles in length, connecting the 
maritime provinces with Canada; and this position he held until, 
in 1878, he came to England for the benefit of his health. On 
his return to Canada he undertook the management, engineering | 
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and otherwise, of the Prince Edward Island Railway, which, 
however, after two years, proved too great a strain, and he was 
obliged again to take a rest for the sake of his health. 

For the next ten years he lived in England, and in May, 1887, 
became Chief Engineer to the late Mr. T. A. Walker, in connection 
with the heavy contracts that gentleman then had on hand, con- 
sisting of the Barry Dock and Railways, the Buenos Ayres Harbour 
Works, the Preston Docks, and the Manchester Ship Canal. 
Karly.in 1888 he went out to Buenos Ayres to inspect the Harbour 
Works, but during the last two years his attention was chiefly 
confined to the Manchester Ship Canal; and it was while en- 
gaged on this contract that he was taken ill at Manchester, and 
after dingering nearly six weeks, died on the 4th of January, 1891. 

Mr. Macnab was endowed with a most amiable disposition and 
attractive manner, and was beloved by all with whom he had 
relations, either social or professional. is character was a noble 
one, and his zeal and faithfulness to the interests entrusted to his 
care won for him the esteem and confidence of all who had to do 
with him. 

Tle was elected a, Member of the Institution on the 3rd of 
December, 1878. 


WILLIAM RUSS, came of an old Hampshire family, which has 
been settled in the neighbourhood of Winchester for many genc- 
rations. Jie was in 1848 a pupil to Mr. Sharp, Gas Enginecr, 
of Winchester and Southampton. He then went to Australia, and 
in 1851 and 1852 was on the staff for the survey ef Crown lands, 
roads, and bridges in the Colony of Victoria. He afterwards acted 
for several years as Resident Engineer of the South Essex Water- 
works, in the employment of Messrs. Easton & Amos. He then 
entered into partnership with Mr. Charles Minns, in conjunction 
with whom he carried out the sewerage and drainage and water 
supply of a number of towns, amongst which may be mentioned 
Romford, Ware, Brentwood, Sawbridgeworth, Enfield, Andover, 
Swindon, Shirehampton, Westbury-on-Trym, Stoke Bishop, Portis- 
head, Basingstoke, Newport (Isle of Wight), Richmond (Surrey), 
and Petersham. 

He was also extensively engaged in the reclamation of land 
from the sea in Essex, Norfolk, and Hampshire. He designed 
a scheme for bringing sea-water from Shoreham to London, for 
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which an Act was obtained in 1881, and was also engaged in 
the designing of the Mid Kent Water-works and the Guernsey 
Water-works. In common with his brother, Mr. Percy Russ, he 
paid great attention to the subject of fish-culture, and wrote 
several reports on the cultivation of oysters. 

He was well known and respected at the offices of the Local 
Government Board, with the officials of which he was constantly 
in communication in connection with inquiries in relation to 
various sanitary works. 

Mr. Russ was an enthusiastic Volunteer, and besides holding a 
commission in the Guernsey Militia, belonged in succession to the 
ist Hants Volunteers and the 3rd Essex Rifles, from which latter 
corps he retired with the rank of Major. He is regrettéd by 
a large circle of friends, to whom he had endeared himself by 
his geniality of disposition, his kindliness of heart, and the 
sterling integrity of his character. 

He died, in his 63rd yedr, after an illness of only a few days, 
on the 13th of February, 1891. He was elected a Member of the 
Institution on the 3rd of December, 1878. 


MICHAEL SCOTT was born in Glasgow on the 4th August, 1818. 
He was educated at Fisher’s Academy, and afterwards attended 
the lectures of Professors Graham, Wilson, and Gregory, at 
Anderson’s College, Glasgow, where he distinguished himself for 
his regular attendance. He studied architectural and mechanical 
drawing with great interest, and became an excellent draughtsman. 
He soon evinecd a taste for mechanical engineering and was 
anxious to learn the practice of it, and although the project was 
opposed by some members of his family, his mother wisely 
determined to encourage her son in his natural talents, and he was 
articled as a regular working apprentice. The firm to which he 
was first apprenticed appears to have given up business shortly 
afterwards, but he served a regular period of pupilage under 
Mr. Starke (Glasgow) as Mechanical Engineer, then on the Ayr 
Railway, and afterwards undey Meaers. Caird & Co., Greenock, 
ag a Marine Engineer. 

During his apprentice days a threatened attack by his shop- 
mates was prevented by the gate-keeper, a former shipmate in the 
Royal Navy of a servant of his father. Having only served three 
years, by the rules of the Trade Union he was not allowed to act 
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as a journeyman, although the works manager had employed him 
in this capacity and given him the full wages. ‘“ Hey lad, hast 
thou lines?” asked the gate-keeper. “No,” he replied. ‘ Thou 
must up anchor and off,” and he closed the gates against the excited 
workmen whilst Scott made good his retreat. An extract from 
his diary on his railway experience in those days is interesting. 
“Called at 5 a.m., started with break-down gang ; engine had gone 
off the rails at a bridge, knocking over 20 feet of parapet, and was 
as near as possible over into river; returned to terminus. One 
o’clock message, another train off the line, gang sent—I remained ; 
five o’clock, no news, another train past due, at last it arrived, had 
also been off the line; six o’clock train late, started with an engine 
to see What was wrong. Driver let fire low, steam down, stopped, 
expecting to be run into every minute ; broke down a fence to burn 
and got steam up just in time to escape.” 

Referring to the Glasgow Post Office of those days he says, “It 
was a miserable little place, situated a little way up an alley 
branching off the main street. There was a little old man dressed 
in knee breeches, who had a little wheelbarrow, and suspended 
from his neck by a leathern strap was a large old-fashioned watch, 
the back resting on his breast, and the face exposed so that all 
could see the time. There was only one mail from the south in the 
day, and it was often late ; when the coach arrived the little letter- 
bags were placed in the old man’s wheelbarrow, the watch showing 
the time, and away he scuttled up the alley to the post office, the 
watch proving he had not loitered on the way.” 

At one time whilst engaged in the manufacture of engines, 2 
trial was to be made, and the stoker had, unnoticed, hung the great 
weight intended as a balance for the damper upon the extreme 
end of the safety-valve lever. Addressing men near him he ordered 
two to remove the weight, and on their refusal, Scott undertook it 
himself, and succeeded in pushing it in a little distance; the 
lever instantly tipping up caused the weight to slide further 
inwards, thus relieving the pressure of the boiler. Mr. Scott said 
he lived a lifetime in those few moments. 

‘Whilst studying shipbuilding and marine engineering, in order 
to gain maritime experience he took employment as an Assistant 
Engineer on one of the steamers bétween Glasgow and Liverpool 
in 1843. After his seafaring life terminated he moved south, where 
his headquarters continued ever after. 

Soon after this an Assistant Engineer was wanted for the 
Bootle Water-works near Liverpool, and Mr. Scott applied for and 
obtained the appointment. In 1846 he became Engineer-in-Chief 
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to the Company, and successfully completed the undertaking. — 
When the Water-works were purchased by the Corporation of 
Liverpool in 1847, Mr. Scott was unanimously appointed Resident 
Engineer, and held that office till the end of 1849, when he pro- 
ceeded to London and began business on his own account as a 
Civil Engineer. One of his first engagements was the superin- 
tendence as Resident Engineer ofthe construction of extensive 
harbour works at Goole, which he had designed. In 1851 he was 
consulted by the Corporation of Swansea in connection with the 
water-supply for that town, and the Bill authorizing the works 
recommended in his report received the Royal Assent on the 30th 
June, 1852. About this time he invented an apparatus for laying 
large masses of concrete under water, everything being done by 
divers.! 

From 1856 to 1860 he was engaged as contractor under Mr. 
James Abernetliy, in the construction of the Port of Blyth break- 
water. On the 7th December, 1858, Mr. Scott-read a Paper before 
the Institution describing this work, for which he was awarded a 
Telford medal.2. In a supplementary Paper on the same subject 
read on May 22, 1860, he remarks that it had been exposed for 
four winters without injury. In connection with these works 
he read Papers before the Institution of Mechanical Engineers 
on a steam pile-driving machine, which was also available as a 
steam crab and a dredging machine. Whilst at Blyth he arranged 
a system of profit sharing, which worked satisfactorily, and is 
interesting as being one of the earliest instances of a profit-sharing 
concern in England. He described this system anonymously in 
1866 in a pamphlet entitled: ‘On the relations between masters 
and men.” In 1865 Mr. Scott was engaged in the construction of 
another breakwater at St. Ives in Cornwall; but the undertaking 
had to be abandoned as those locally interested in it were unable 
to obtain the capital required to complete it. In his capacity of 
Consulting Engincer he designed some important buildings con- 
structed at Bombay, including the Victoria and Albert Museum 
there. 

Having formed a high opinion of the Siemens open-hearth 
process of steel manufacture, he called upon some enterprising 
capitalists in Glasgow withea view to its being introduced as an 





1 Report of the Commissioners on Harbours of Refuge. Vol. i. Folios 295, 
998. London, 1858. 
* Minutes of Proceedings Inst. C.E. vol. ‘xviii. p. 42. 
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industry into Scotland. In this he was successful and a Limited 
Liability Company was formed, of which he was appointed interim 
Secretary and General Manager. The works, which were built at 
Hallside, near Cambuslang in Lanarkshire, were erected on plans 
supplied by the late Sir William Siemens, and were carried out 
under Scott’s directions in a perfect manner, but unfortunately for 
the immediate prospects of financial success, before they were 
ready to commence operations the prices of steel had begun to 
fall, and Mr. Scott was advised to refuse to accept contracts on a 
falling market. As he had already purchased stocks of pig-iron 
and ore at the inflated prices, the prospects of successful manu- 
facture were very small, and it resulted in his resigning his 
positién; this resignation was a great blow to him, but he felt, as 
did also his friends, that the fault was not his, but due to un- 
toward circumstances. It may be added that the Steel Company 
of Scotland has now for years been a successful concern. 

Mr. Scott was also concerned in other enterprises with which 
his name has not been directly connected. On the 8th July, 1858, 
a scheme of Dr. Siemens and Mr. Scott for the purification of 
the Thames appeared in the Times newspaper, similar to the one 
described by Mr. Scott in a ‘letter dated 9th March, 1868, 
addressed to the Chief Magistrate of Glasgow, as applicable to 
the Clyde. It was proposed that at every tide a column of 
comparatively pure water should be so interposed as to prevent 
the reflux of the impure water with the returning tide and thus 
twice in twenty-four hours the sewage would be forced out to 
sea. 

In 1860 a Committee of the House of Commons had under con- 
sideration the purification of the water of the Serpentine by 
filtration. Mr. Scott drew up a memorandum on°the subject in 
which he stated that the chief stimulating cause of vegetation in 
water exposed to daylight was carbonic acid, either free or com- 
bined with certain bases in the form of salts, and proposed its 
removal by applying Dr. Clarke’s process for softening water. On 
his recommendation, caustic lime was added to the water in the 
upper reach of the Serpentine with the result that it became and 
continued quite clear for some time. 

He took great interest in matters connected with Naval Warfare 
and Defence, and read Papers on these and cognate subjects before 
the Royal United Service Institution, the Institution of Naval 
Architects, the British Association and elsewhere. In a speech at 
the meeting of the Royal United Service Institution of the 21st of 
May, 1862, he showed that for a given bore of gun, whatever the 
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weight and velocity of the shot, provided they varied so as to keep 
the strain on the gun unaltered, the destructive power of the shot 
always remained the same. In his Paper on Projectiles before the 
same Institution, he described the accomplishment of what had 
previously been held to be impossible, viz., the firing from a 
smooth-bore gun of elongated projectiles which did not revolve, 
and which did not turn over during flight. He brought forward 
a plan for the defence of Spithead, in which he proposed to place 
two powerful forts in a position to bar the channels between the 
forts and shore, and provided means for impeding the passage of 
an enemy’s vessels through the deep-water channel. 

Mr. Scott commenced his professional career ag a Marine 
Engineer, and a great portion of the 2nd volume of his “ Occasional 
Papers” is devoted to Naval Architecture. He claimed to have 
originated and first made known the Inflexible type of ship. In 
the Inventions Exhibition he placed outline drawings of war-ships 
of types originated by him, of which the first plan was communi- 
cated officially to the Admiralty on 25th August, 1870,and thesecond 
was explained to the Chief Constructor in May 1871. The first 
plan included a central armoured citadel the full breadth of the 
ship, an armoured deck under water; the cellular system arranged 
so that fuel could be stowed in it, high freeboard, and guns 
protected by armour; in the second plan the armoured under- 
water deck was sloped downwards, so as to save weight, prevent 
the ship being raked in a sea-way, and strengthen the ram stem. 
He also proposed to place the turrets abreast, in order to obtain 
fire in the line of the keel both fore and aft from all the large guns 
in both turrets simultaneously, and to provide sail power without 
the disadvantages of rigging. Subsequently the “ Inflexible ” and 
other vessels were built, embodying several of these improvements. 
Mr. Scott’s claim to have originated this type of ship was acknow- 
ledged by several Admiralty authorities, and Mr. Merrifield wrote 
to him: “TI have always considered that you had priority in all 
that distinguishes the Inflexible type apart from a question about 
the unpublished sketches of Mr. Reed just before he left the 
Admiralty.” The Admiralty, however, have not considered that 
Mr. Scott had any claim to compensation. 

Those who knew Mr. Scott btst will agree that the main reason 
why his professional career was not a marked success, was that his 
interests were so multifarious that he did not draw that distinct 
line between business and pleasure, which is necessary to ensure 
success. He was a very fair musician, and more than an average 
art critic; in his more prosperous days his house, which was 
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replete with treasures of Art, was the rendezvous of its votaries. 
He was of a most kindly and amiable disposition, and was con- 
stantly engaged in works of benevolence done without ostentation. 
In his declining years, which he spent in Tunbridge Wells, he 
took great interest in local charitable institutions, especially those 
having reference to children. _For some years previous to his 
death he was in delicate health and had practically retired from 
professional life. He died at Tunbridge Wells on the 13th of 
September 1890. He was elected an Associate of the Institution 
on the Ist of February 1848, and was transferred to the class of 
Member on the 26th of April, 1853. 
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JOHN LUM STOTHERT was born on the 29th of June, 1829, 
at Bath. His father was Mr. Henry Stothert, then proprietor of 
the old Newark Foundry at Bath. He received his education at 
private schools, and-in 1845 was apprenticed to the firm of Stothert 
and Slaughter, at their locomotive works in Bristol, where, under 
Mr. Slaughter’s somewhat strict but admirable rule, he acquired a 
thorough mastery of handicraft, and laid the foundation of that 
sound practical knowledge for which he was distinguished in after 
life. 

In 1844 Mr. Stothert’s father took into partnership his then 
managing engineer, Mr. Rayno, and also Mr. R. Pitt, who had 
served his apprenticeship at the works in Bath, the firm becoming 
Stothert, Rayno, and Pitt. Eight years afterwards Mr. Henry 
Stothert withdrew from active participation in the business, and 
transferred his share to his son, and on the retirement of Mr. 
Rayno in 1855, through ill-health, the firm became Stothert and 
Pitt, and the business was carried on under that title by the two 
partners for the succeeding thirty years. During this long 
period of hard and active labour Mr. Stothert earned a prominent 
position amongst mechanical engineers by the soundness of his 
designs and the careful manner in which they were carried out, 
so that in general engineering, and especially in the department 
of lifting-machinery, the reputation of the firm became second 
to none. ‘ 

The part Mr. Stothert took in the introduction of machinery for 
making and dealing with artificial blocks of concrete for the con- 
struction of breakwaters and harbours is in too recent recollection 
to require detailed description here, but it may be said that in this 
particular branch his experience was without parallel. 
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About the year 1883 his health, which up to that time had been 
apparently strong, showed signs of giving way, and his partner, 
Mr. R. Pitt, broke down a few months afterwards. This led to 
the formation of the present private company, Stothert and Pitt, 
Limited, of which Mr. Stothert remained chairman until his death, 
and was always ready with his counsel and experience although 
he retired from the active management. 

Mr. Stothert was also for a time chairman of the Avonside 
Engine Company, Limited, the successors of the firm with whom 
he was brought up. He was a leading director of the Bath and 
Bristol Gas Companies, and also of other local companies, his 
energetic disposition never permitting him to be long without 
doing some useful work. Thosc who visited Bath during the 
British Association meeting in 1888, and who were in any way 
behind the scenes, will remember how admirably he filled the 
position of local secretary. 

Mr. Stothert’s favourite relaxation was found in his small but 
extremely well-fitted observatory, where he occupied himself with 
practical astronomy, of which he was very fond. He had also a 
well-furnished private workshop. His health had been in a very 
unsatisfactory condition for some years, and he died somewhat 
suddenly, from heart disease, on March 5th, 1891, amid the general 
regret of a large circle of friends. His character and abilities 
were such that most of those who commenced his acquaintance by 
formal business relations remained for years his personal friends. 
As an engineer he possessed the true instinct of “mechanical 
fitness,” and an adaptability of resource which enabled him to 
deal successfully with problems outside the range even of his large 
experience. His early training in the best traditions of the old 
millwright school gave him a love for honest work which made 
him regard scamping with utter abhorrence, and contributed not 
a little to the confidence with which his friends looked forward 
to the completion of whatever he took in hand. 

Mr. Stothert was a Freemason, and held. high office. He was a 
member of the Grand Lodge, and in this connection actively 
participated in the charitable work of the society. 

He was elected a Member of the Institution on the 4th of March, 
1879. ‘ 
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THOMAS WARING was born in 1825 at Wheatley Hall, Wooley, 
in the West Riding. After serving a regular period of pupilage 
as an Engineering Surveyor, he entered the office of Messrs. 
T. L. Gooch and F. M. Young, and was employed by them on the 
construction of the Leeds and Bradford and Extension Railways. 
This engagement having come to a close when all the works were 
completed, Mr. Waring became Contractor’s Engineer under 
Mr. Young. He carried out contracts on the Leeds Waterworks 
extensions under Mr. J. W. Leather; on the London and North- 
Western Railway branches under Mr. Woodhouse ; on the Furness 
Railway, and Ulverston and Lancashire Railway under Messrs. 
M’Cleafi and Stileman. He was also engaged on some arbitrations 
at Sunderland Docks and other places. In the autumn of 1854 
Mr. Waring became Resident Engineer upon the Cardiff Sewage 
Works under Mr. Hawkshaw, and the office of Surveyor to the 
Local Board of Health of Cardiff falling vacant in the following 
year, that appointment was also offered to Mr. Waring. Tho 
carrying out of the Sewerage Works was not effected ayitied 
some difficulty ; the severe weather in 1855, together with financial 
difficulties, and the necessity of opposing a scheme which would 
have compelled the drainage of all Butetown into the packet slip, 
delayed the final completion, which was not effected till 1857. 
The benoficial effect of it, however, was speedily apparent in the 
improved health of the town. No sooner was the first sewage 
scheme finished than a material extension was required, which 
was successfully accomplished under Mr. Waring’s directions. In 
a short time the length of the sewers had to be doubled in 
consequence of the rapid growth of the town. Many new streets 
were built, and the whole of the old ones re-made, ind there are 
few public institutions in Cardiff which have not benefited in 
some way by Mr. Waring’s exertions. The large expenditure of 
money in the erection of cottage dwellings for workmen, on land 
liberally granted by Lord Bute at a low rent, was in a great 
measure due to his influence. For several years he was Surveyor 
to the Canton and Roath Boards of Health, and Chief Engineer to 
the Cardiff Rural Authority. He acted as Engineer to the Borough 
of Aberavon, and laid out their system of sewerage and water 
supply. He took an active interest in municipal affairs, and in 
1886 was elected Alderman. 

Mr. Waring was a ready speaker, eminently practical, and 
always listened to, on account of his great experience, with atten- 
tion. He was a Member of the Council of the University College 
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of South Wales and Monmouthshire. He died on the 24th of 
April, 1891. 

He was elected a Member of the Institution on the 1st of April, 
1862. 





ROBERT WATSON was born at Dartington, near Totnes, Devon- 
shire, on the 21st of November, 1822. He was educated first at 
local schools, and subsequently at the Exeter Diocesan College. 
He then became articled pupil to the late Mr. Henry Symons, of 
Plymouth, and was connected with the construction of the South 
Devon Railway, and was also engaged, under the late Me. Win. 
Froude, on the Plymouth and Tavistock and the North Devon 
Railways. Between 1849 and 1851 he spent a year with an archi- 
tect in London, and a year with a mechanical engineer, during 
which time he was connected with the erection of the Hanwell 
and the Warwick Lunatic Asylums. In 1852 he joined the staff 
of Messrs. Locke and Errington, with whom he was engaged on 
the Shrewsbury and Aberystwith and the Direct Portsmouth 
lines. 

In November, 1854, he proceeded to Victoria, and on his arrival 
in Melbourne, almost immediately joined Mr. Darbyshire, Engineer 
of Construction, then District Surveyor under Government at 
Williamstown. There was at that time no Railway Department. 
The surveys were under the control of the Surveyor-General, 
Captain (now Sir Andrew) Clarke, and Mr. G. C. Darbyshire. 
His first work was to lay out the main road from Melbourne to 
Ballarat, with instructions to examine the country, having in 
view railway construction at some future time. The levels over 
this road were the first taken far into the country. The datum 
was an assumed low-water mark in Hobson’s Bay, and the levels 
for the whole railway system of the colony have been reduced to 
it. On the completion of this preliminary work, the railway 
surveys were commenced, and Mr. Watson at once occupied a 
prominent position in connection with them. The Geelong and 
Ballarat Railway, the direct Ballarat line, the Echuca line, 
the North. Eastern and branches, the Gippsland line and branches, 
many of the lines to the Western District—in fact, all the 
principal railways of the colony—were surveyed under his direc- 
tion, and it is a somewhat remarkable fact that the line from 
_ Bacchus Marsh to Ballan, now under construction, follows literally 
the route marked by him about thirty years ago, notably in the 
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difficult part immediately after leaving Bacchus Marsh, where 
there is an abrupt ascent of 300 feet in a distance of less than a 
mile. Mr. Watson, as Resident Engineer, superintended the con- 
struction of the Geelong and Ballarat Railway, the Sandhurst 
and Echuca, the North-Eastern and branches, the Gippsland and 
branches, and many others. 

Having carried out these works in a satisfactory manner, he 
was granted twelve months’ leave of absence on account of ill 
health, and visited Europe, accompanied by his wife, who un- 
fortunately died in England. On the expiration of his leave 
he returned to Melbourne and resumed work in the Railway 
Department. In 1878, when political emergency deprived the 
Govegnment of the services of Mr. Thomas Higinhotham, Mr. 
Watson became Engineer-in-Chief. In 1880 a new Ministry 
expressed a wish to redress what had been regarded as a great 
injustice and wrong, by re-instating Mr. Thomas Higinbotham 
as Engineer-in-Chief. Mr. Watson was offered the position 
of Senior Resident Engineer, without any alteration in the 
salary he had been receiving, and his position was to be only 
temporary, as changes were contemplated which would make it 
possible for him to resume the office of Engineer-in-Chief. How- 
ever, he elected to retire, and Mr. Higinbotham was re-instated. 
Shortly after other changes took place, and Mr. Watson was asked 
whether or not, in the event of Mr. Higinbotham’s resigning, he 
would be willing to resume the position of Engineer-in-Chief. 
These overtures he unhesitatingly rejected as unjust and unfair 
towards Mr. Higinbotham. 

Mr. Watson then went on a difficult expedition fur the Queens- 
land Government. He explored the country from the Hast Coast 
to the Gulf of Carpentaria, with a view to the construction of a 
railway, and received the highest praise for the manner in which 
he carried out the enterprise. 

Unhappily, Mr. Higinbotham died suddenly, a few months 
after his re-instatement, and another Engineer-in-Chief was 
appointed in his place.’ Mr. Watson was asked in 1882 to return 
to his former position, which he held up to the time of his death. 

To Mr. Watson is due the credit of introducing cheaply con- 
structed railways, and timber bridges, altogether lighter and less 
costly than those employed in English practice. He died on the 
7th of April, 1891, at the Melbourne Club, of Bright’s disease 
and congestion of the lungs. He was elected a Member of the 
Institution on the 1st of December, 1868. 
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ROBERT STODART WYLD, Jun., was born on the 12th of 
March, 1855, at Queensferry, close to where the great bridge now 
spans the estuary of the Forth. His father had been trained as a 
Writer to the Signet; but giving up the practice of the law, had 
settled at Queensferry, of which for many years he was the much 
respected Provost. Robert Wyld received his education at the 
Academy and University of Edinburgh. Having made choice of 
engineering as his profession, he served a pupilage of five years, 
from 1872 to.1877, under Messrs. J.and A. Leslie, whose extensive 
practice gave him an early experience in many kinds of engineer- 
ing operations. During this time he attended the engineering 
classes of the late Professor Fleeming Jenkin, and that of geology 
and mineralogy under Professor A. Geikie. On the completion 
of his articles he was appointed by Messrs. Leslie as Resident 
Engineer at the waterworks then being constructed for supplying 
the town and district of New Cumnock. After some months 
he was transferred to Midlothian, and placed in charge of a 
section, 13 miles long, of the pipe-line conveying a new water- 
supply to the City of Edinburgh from the Moorfoot Hills, 
with all the reservoirs, bridges, and other works connected 
with it. 

At the beginning of 1879 hc was appointed Resident Engineer 
on the Scarborough Harbour Improvement Works, which consisted 
of the deepening of two harbours, widening and extending a pier, 
underbuilding old quay-walls, and other operations, This under- 
taking occupied him for two years, and in January, 1881, he 
returned to Scotland to superintend for Messrs. Leslie the con- 
struction of the Acreknowe Reservoir on the Hawick Waterworks. 
A few months later, namely, in October, 1881, he was selected to 
take charge of an important section of the Vyrnwy Waterworks, 
of the Liverpool Corporation. The portion of this great engineer- 
ing undertaking more especially under his supervision consisted 
of 35 miles of the main aqueduct, including all the special works 
connected therewith. From the nature of the ground these were 
of a multifarious kind, and calculated to fully tax the resources 
of an engineer. They included reservoirs and tanks, with earthen. 
embankments as well as with concrete and brickwork walls. 
filters, clear-water tank, valve-houses, cottages, new roads, bridges, 
culverts, crossings over rivers, canals, and railways, and three 
tunnels, having an aggregate length of about 4 miles. The 
cost of that portion of the great work with which he was 
connected exceeded £300,000. On the eve of its completion he 
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was struck down by illness. A chill caught in March developed 
into rheumatic fever, which closed his career, on the 17th of 
April, 1891. 

Mr. Wyld was remarkable for a singular gentleness and modesty, 
combined with a straightforward frankness, which gained him the 
respect and goodwill of all who came into close personal contact 
with him. His energy and enthusiasm in the discharge of his 
duties were unflagging. His professional skill and fertility of 
resource marked him out as one who, had he lived, would doubtless 
have gained a high place among the hydraulic-engineers of this 
country. 

He made a short communication on “The Laying of Large 
Mains ’e to the Liverpool Engineering Society, which has been 
published.’ He interested himself in the remarkable deposits of 
shell-bearing gravels cut through at high levels above the sea 
during the construction of the Liverpool Waterworks, and it was 
hoped that he might be induced to bring his observations before 
the Geological Society. But this and many bright anticipations 
for his future have been abruptly shattered by his premature 
death. 

Mr. Wyld was elected an Associate Member of the Institution on 
the 4th of May, 1880, and was transferred to the class of Member 
on the 23rd of February, 1888; he became a Fellow of the Geo- 
logical Society in 1890. 





ARTHUR JOSEPH EDWIN ARCH was born at Brockley Hill, 
on the 4th of August, 1862. After receiving his education at 
Dulwich College and at King’s College School, he was for several 
years engaged under a firm of London surveyors. Meanwhile he 
was studying at the City of London College under Mr. Henry 
Adams, and in April, 1885, passed the qualifying examination for 
the Professional Associateship of the Surveyors’ Institution. In 
August, 1885, he joined the staff of ithe Rio Tinto Mines, under 
Mr. James Osborne. At Rio Tinto he ‘was engaged in surveying 
various parts of the works and surrounding villages, gaining 
the good opinion of his superior officers. “He displayed the 
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“‘ preatest care in the different works, and the information obtained 
“was thoroughly reliable, and the plans very neatly executed. He 
“always showed great devotion to the work he had in hand.” In 
August, 1887, he left Spain to proceed to Tientsin, China, as 
Assistant Engineer in the construction of the China Railway. He 
had shortly before passed the qualifying examination for the 
Fellowship of the Surveyors’ Institution. In China he was em- 
ployed on the construction of the line from Tientsin to Tongku. 
He also made surveys for the extension line to Siku, showing 
himself a capable and intelligent officer. In December, 1888, he 
left Tientsin to take up the appointment of Resident Superinten- 
dent of the Punjom and Sunghie Dua Samartan mines in the 
Malay Peninsula. His services were afterwards engaged’ to ex- 
amine and report on various mining concessions in the Sultanate 
of Johore. In October, 1889, he was appointed to superintend 
the operations carried on by the Malay Peninsula Prospecting 
Company. While holding this appointment Mr. Arch prepared a 
valuable sketch map of Pahang concessions. In the course of this 
task he was compelled to undertake many adventurous journeys 
in unfrequented parts, on one occasion losing valuable memoranda 
and observations through the swamping of rafts in a Pahang river. 
In all his duties he gave every satisfaction to the Directors. At 
Christmas, 1890, he returned to England from the East, and 
early in 1891 left for Brazil, having received an appointment 
under the firm of Messrs. Brunlees and McKerrow, on the 
Brazilian Imperial Railway Extension. He met an untimely 
death by drowning in the Rio Paraguassu, near Bahia, on the 
23rd of March, 1891. 

Mr. Arch was characterised by a keen devotion to his work 
and an indomitable perseverance. He was possessed of a firm 
self-reliance, to which he owed in a large measure the success 
he had obtained. His early death cut short a career of much 
promise. 

He was elected an Associate Member on the 10th of April, 1888. 


JOHN BOURDEAUX was born in London on the 13th of August, 
1884. At the age of fifteen he entered the service of the Electric 
Telegraph Company, with whom he stayed until 1859, when he 
received an appointment in the instrument department of the . 
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London offices of the Submarine Telegraph Company, and re- 
mained there until 1862, when he was transferred to Dover, and 
had charge of that and the Folkestone stations. Some few years 
after this, he was appointed Assistant Engineer under Mr. France, 
who retired from the Company’s service in 1870, and Mr. Bourdeaux 
succeeded him as Engineer. Up to this time the cables, which 
were owned and worked by the Company, had been repaired by 
various tugs fitted with the necessary gear at Dover; but as time 
advanced, the work increased so much, that in 1871 it became 
necessary, in order that it might be more expeditiously effected, 
to have a steamer for the purpose, and eventually, under the 
direction of Mr. Bourdeaux, the paddle steamer “The Lady 
Carmifhael”’ was built, and with it and other means the work 
was carried on much more satisfactorily than hitherto. He re- 
mained as Iingineer to the Company until the transfer to the Post 
Office in 1889, and it was at this time that his health began to 
fail, owing, in the first place, no doubt, to anxiety during the 
valuation and purchase of the property, including the cables, 
which had been repaired so many times by him. He entered the 
service of the Post Office in the same capacity as he had previously 
held under the Company; but, owing to his shattered health, was 
never at any time really able to undertake his full duties. In 
January, 1890, he was confined to his house, and after a lingering 
illness, dicd on the 2nd of July of the same year. He was elected 
a Town Councillor of Dover, but at the expiration of his first term 
of office, finding he could not give sufficient time to his municipal 
duties, he did not stand again. When the Bell telephono was first 
introduced, Mr. Bourdeaux made many interesting experiments, at 
first with a single overhead line, which he had previously erected 
for the Town Council, from the police station to the water-works, 
and afterwards through some of the cables belonging to the 
Submarine Company between England and France. 

He was elected an Associate Member on the 4th of March, 1879. 
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JOHN DIXON was born on the 2nd of January, 1835. He was 
the eldest son of the late Jeremiah Dixon, of Newcastle-on-Tyne, 
who came of a well-known Quaker family of coal-owners at Cock- 
field, in the county of Durham, some of whom were distinguished 
as engineers and scientists even in the last century. His uncle, 
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the late John Dixon, was the first Chief Engineer of the Stockton 
and Darlington Railway, and was associated with George Stephen- 
son in making the original surveys for that work. John Dixon, 
the subject of this notice, received his education at Dr. Bruce’s 
school in Newcastle, and became, in January, 1851, an articled 
pupil of the late Robert Stephenson. Soon after the comple- 
tion of his articles, he was appointed Engineer and Manager at 
the Bishopwearmouth Ironworks of the Consett Iron Company ; 
but in 1864, after a brief adventure in iron manufacture at Bed- 
lington, he removed to London, where he began a successful 
career as engineer and contractor, which was continued till his 
death. In this capacity he carried out many important works in 
various parts of the world, commencing with the landing-stages 
on the Thames Embankment, piers at Southport and at Douglas, 
Isle of Man, and the large iron piers and wharves at Huclva 
in Spain, for the Rio Tinto Company. A bridge over the Nile 
at Cairo was his next work, followed by extensive drainage and 
sanitary works at Rio Janeiro, and piers in Mexico and Par’ on 
the Amazon. 

In 1875, in connection with Mr. Richard Rapier, he got the con- 
cession for, and made, the first railway in China, from Shanghai 
to Woosung. It was very successful and popular among the 
natives for a time, but, owing to the prejudices of the ruling 
Mandarins, was bought by the Chinese Government and taken 
up in October, 1877;* not, however, before thousands of the 
people had had practical experience of its utility. Mr. Dixon’s 
discovery of an unexpected supply of fresh water in the rock of 
Gibraltar was due to his geological knowledge, and bronght 
him into high repute with the military authorities and the War 
Department, who purchased his concession. His next enterprises 
were in Portugal, where he constructed the Custom JIIouse piers 
at Lisbon, and a 60-mile line of railway, for which he was 
awarded by King Luis I. an Order of Merit. Bridges at Water- 
ford in Ireland, and docks and harbour extensions at Port Talbot, 
in Wales, occupied him for some time, and almost his last 
important undertaking was the rebuilding of Hammersmith sus- 
pension bridge over flie Thames, for the Metropolitan Board of 
Works. 

But the work of all others which brought him most repute, 





1 Seo Minutes of Proceedings Inst. C.E., vol. lix. pp. 274, and vol. ctii. p. 278. 
Also the History of the Shanghai and Woosung Railway, by G. J. Morrison, in 
the library of the Institution (in Ms.). 
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both for the public spirit and the ingenuity displayed in it, was 
the initiation and carrying out of the transport from Alexandria 
to London of the famous Cleopatra’s Neodle, now on the Thames 
Embankment, which bears his name on tho bronze tablet of its 
pedestal. In this enterprise he was supported by tho late Sir 
Erasmus Wilson, F.R.S., to the extent of £10,000, but, owing to 
the unfortunate salvage claims, he was a financial loser to almost 
the same amount—a fact which has never been sufficiontly known 
and appreciated. In 1888 he was induced to visit the colonies 
in South Africa, in the hopo of benefiting by the change, but, 
broken down in health, he never thoroughly rallicd after his 
return, and died on the 28th of January, 1891, at the compara- 
tively early age of fifty-six. 

Mr. Dixon’s personal qualifications were thoso which go to 
the making of a great contractor. Original in conception as 
regards the practical carrying out of works, and guarded by his 
engineering training against mistakes of a theoretical nature, 
he faced difficulties with a light heart and found them but a 
stimulant to greater efforts. Tle tendered for tho construction 
of the Forth Bridge, and was quite propared to undertake that 
work single-handed, but the directors did not deem it prudent to 
entrust it to any one man. His enthusiasm was contagious, and 
the hesitations and doubts of engineers and financiers were ofton 
swept away by his vigorous and cheery eloquence. Ile was an 
accomplished amateur artist, and his water-colour drawings, mostly 
sea-pieces, were frequently hung in various exhibitions in London. 
Ilis loss will be deeply felt by a large circle of friends, who 
esteemed highly his great abilities, his indomitable enterprise 
and genial personal qualities, which will secure him a high 
position among Newcastle worthies. Ho was some years ayo 
accorded by the University of Durham the honorary degreo 
of M.A. gs 

Mr. Dixon was a Lientenant of the City of London. Te was 
elected an Associate-Momber on the 7th of December, 1869. 


CHARLES HILTON HINGESTON was born in London on thie 
14th of May, 1858. He was a pupil of Mr. F. J. Duckham, and 
was engaged as his assistant on railway and other extension works 
at Millwall Docks, until August, 1882, when he was appointed 
Resident Engineer with sole charge of the submarine operations 
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of the Stonehouse Pool Improvements for the London and South 
Western Railway. Upon the completion of those works in 1888, 
he was sent to Tasmania by the Long Reach Dredging and Tin 
Mining Syndicate, to take the management of their interests, and 
superintend the erection of their machinery. In May, 1890, he 
was appointed Colonial Engineer of the British settlement on 
the Gambia, with his headquarters at Bathurst. On the 22nd of 
the following September, he accompanied the Administrator to 
Albreda, and while there contracted malarial fever. The return 
to Bathurst was made as speedily as possible, but Mr. Hingeston 
died on the Ist of October. He was elected an Associate-Member 
of the Institution on the 4th of March, 1884. 





JORGEN DANIEL LARSEN was born on the 26th of September, 
1833, and was educated at the Polytechnic School at Copen- 
hagen, with the object of following the profession of a Civil 
Engineer. 

From 1856 to 1859, he was engaged on the Newcastle and 
Maitland Railway, New South Wales, as Contractor’s Resident 
Engineer, and was employed from 1860 to 1862 in the Roads and 
Bridges Department in the Northern District of New South 
Wales, as a (;sovernment Assistant Engineer. He then spent some 
time in the United States for the purpose of studying the systems 
of Street Tramways. From 1866 to 1868, he was Engineer to the 
North of Hmrope Land and Mining Company, for whom he 
designed and carried out works. From 1869 to 1873, he was 
Resident Engineer to the London Tramways Company, and laid 
out and superintended the construction of all its lines. He also 
acted in the same capacity for the Pimlico, Peckham, and Greenwich 
Tramways Companies; and had charge of the construction of the 
tramways in Cardiff, Belfast, and Plymouth. He was Consulting 
Engineer for the tramways in Madrid; and from 1874 to 1879, was 
Engineer for those in Paris, both on the north and south sides of the 
river. In the middle of 1879, he proceeded to Johannesburg, where 
he was engaged for a short time in reporting on coal farms, «c. 
From 1881 to 1884 he was Residént Engineer on, and superintended 
the construction of, the Calcutta tramways for Mr. Hopkins. After 
visiting Melbourne to examine and report on the tramways in that 
city, he became engineer to the newly formed Johannesburg Tram- 
way Company, and made all the necessary surveys and plans, 
prepared specifications for plant and rolling-stock, and super- 
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intended the construction of some 3 or 4 miles of tramway, 
together with the necessary buildings, kc. This was completed 
in the face of much opposition and difficulty, and is now being 
worked successfully. The anxiety and strain had told visibly 
upon Mr. Larsen for some time, and in the month of March he 
had a paralytic seizure which terminated in his death on April 
the 20th. 

Mr. Larsen was much respected, and the success of the Johannes- 
burg tramways was in a great measure due to his experience and 
tact, as owing to the opposition they met with, and the nature of 
the route, the work was rendered one of real difficulty. 

Mr. Larsen was by birth a Dane, but had become a naturalized 
British subject. Ile was elected an Associate Member of the 
Institution on the Ist of February, 1881. 


JOSEPH MUSGRAVE was born on the 10th of March, 1812. He 
was apprenticed to Messrs. Rothwell, Hick, and Rothwell, of the 
Union Foundry, Bolton, and when Mr. Hick left that firm and 
pbuilt the present Soho Ironworks, Mr. Musgrave went with Jim, 
in a responsible situation. In 1838 was appointed Resident Mngi- 
neer on the North Union Railway. He designed a skew bridyo 
for the Lancaster and Preston Railway, consisting of a scries of 
arches side by side, receding at the buttress or spring of the arch. 
The Globe Ironworks, with which Mr. Musgrave’s name is 
mainly assuciated, were founded carly this century by his father, 
the late John Musgrave, who had up to that time been engaged 
in a responsible position at the Svho Ironworks, thpn belonging 
to Messrs. Benjamin Hick & Son. In its initial stage the Globo 
Foundry was of comparatively small dimensions; but thanks to 
the earnestness of purpose, and the ingenuity and ability displayed 
by the head of the concern, aided materially in subsequent ycars 
by his sons, Messrs. Joseph, Jonathan, John, and James Musgrave, 
the firm gradually extended its operations until at the present 
time:the works cover a tract of ground, extending from Kay Strect 
into Waterloo Street, and constitute one of the largest engineering 
and millwright establishments in tHe country. About a quarter 
of a century ago Messrs. Musgrave and Sons took up the cotton- 
spinning business, beginning with the erection of the No. 1 Atlas 
Mill,'fronting Chorley Old Road, Halliwell, which was first put in 
operation about March, 1864; and the venture proving successful, 
fresh mills were added, the last extension to the spinning depart- 
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ment being in 1887, when a sixth factory, for about one hundred 
thousand mule spindles, was constructed, which has been popularly 
called the “‘ Jubilee Mill.” Since then, the firm has also embarked 
in the manufacture of cotton cloth. Including the employees at 
the Globe Ironworks and those engaged in their spinning and 
weaving concerns, the firm have now in their service nearly three 
thousand workpeople of all ages. Mr. John Musgrave, sen., died 
on the 19th of December, 1864, at the age of eighty years ; and 
since then Mr. Joseph Musgrave acted as head of the establish- 
ment. 

In the question of local railway-improvements, Mr. Musgrave 
greatly interested himself at various periods. He was gainly 
instrumental in inducing the Lancashire and Yorkshire Railway 
Company to carry out the work of establishing and extending the 
Halliwell goods station many years ago, an addition which has 
proved of great benefit to the eastern and northern extremities of 
the borough. One of his latest efforts in the direction of railway 
development was his project for the extension of the London and 
North-Western line by carrying it over the central part of the 
town, from the present terminus in Great Moor Street to a sug- 
gested new site in Church Street, Little Bolton, a distance of 
about 900 yards. Mr. Musgrave had plans prepared showing the 
route of this contemplated addition, together with other par- 
ticulars; and he brought the matter before the Bolton Chamber 
of Commerce in November, 1887. The project was heartily ap- 
proved by the Chamber, and strong representations were made to 
the Railway Directors to induce them to carry out the work, but 
they declined to accede to the suggestion. 

Mr. Musgrave was for twelve years a member of the Halliwell 
Local Board, during three of which he was Chairman. When the 
incorporation of Halliwell with the borough was first suggested, 
he was strongly against the proposal, but afterwards seeing that 
the township must benefit from the change, he supported the 
project heartily, and gave evidence in favour of it before the 
Sommittee of the House of Commons. 

He was made Justice of the Peace in 1867, and in the exercise 
of this function showed much discrimination and thoughtfulness. 
In 1874 he was returned unopposed, as a councillor for the East 
Ward (in which the Globe Ironworks are situated); and in 1877, 
when that portion of the township of Halliwell which was within 
the Parliamentary borough became incorporated within the 
_ Municipal borough, Mr. Musgrave was chosen as one of the 
Aldermen for the new ward. The department in which he took — 
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most interest was the Water-works, for the development of which 
he, along with the other members of the Corporate Committoe, had 
worked very hard. ‘The last important Water-works undertaking 
which was inaugurated under the auspices of this Committeo (of 
which he had been Chairman for several years up to his decease) 
was the new High Rid Reservoir, at Meaton, which is well 
advanced towards completion. It is calculated to hold about 
100,000 gallons. As President of tho Bolton and District. Tneor- 
porated Chamber of Commerce, Mr. Musgrave—who held the 
office from the formation of the Chamber in 1887 up to his 
decease—achieved much valuable work on behalf of tho trading 
community. 

He was elected Mayor of Bolton in 1880. Ilis name has been 
associated for many years with the Bolton Infirmary and Dispensary, 
to which he contributed liberally. He died on the 12th of January, 
1891. Mr. Musgrave was elected an Associate Member on the 
2nd of February, 1869. 
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ERNEST SVON was born on the Ist of August, 1849. He 
was regularly educated as a Civil KMngineer for upwards of 
three years, from 186% to 1872, in tho office of the late Mr. 
Oliver Byrne, and subsequently spent cighteen months at tho 
works of Mr. Thomas Don, millwright, of Reigate. IIo then 
entered into partnership with Mr. G. G. André, as Consulting 
Mechanical Engineer, being also largely employed in sinking 
wells. In 1879 he commenced practising on his own account; and 
in 1881 received the appointment of Engineer to the Iixplosives 
Company, for whom he designed and superintended the construc- 
tion of new works at Pembrey, near Cardiff. The works of the 
Smokeless Powder Company, at Barwick, of which ho was the 
manager, wero designed by him. He was also Engincer to the 
Pembrey Old Harbour Board. His death, which occurred on the 
28th of November, 1890, was totally unexpected. Two days 
previously he had started for Aberdare in order to carry out 
some important blasting experiments in a mino belonging to 
Mr. G. Brogden. At eleven o’clock on the date named thie 
manager of the mine came to accompany him to the scene of tlic 
experiments, and it was then discovered that his bedroom door was 
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locked on the inside. The police were called, and the door burst 
open, when Mr. Spon was found lying in bed with his right arm 
over his chest, apparently in a peaceful sleep; and Dr. Rhys, who 
was sent for, pronounced him dead. From the medical evidence 
at the inquest, it was evident that the cause of death was syncope, 
resulting from a sudden severe chill. 

Mr. Spon was in many respects a remarkable man; he was 
deeply read, a good linguist, and a brilliant conversationalist. As 
an expert in explosives he occupied a high position. As an author 
he is best known by his popular and valuable book “ Workshop 
Receipts.” Ie also wrote the “ Modern System of Well Sinking,” 
partly edited “The Dictionary of Knginecring,” was editor of 
several colonial engineering papers, and contributed largely to the 
scientific journals. He was a great lover’of natural history, and 
delighted in music and literature. For over twenty years he had 
been connected with the volunteers, and held the post of Lieu- 
tenant of the Ist City of London Artillery Volunteers. His father 
belonged to an old French family, and his uncles, Messrs. KE. and 
¥. N. Spon, are the well-known publishers. For many years the 
deccased had been a Freemason. 

Mr. Spon was elected’ an Associate Member on the 2nd of 
May, 1882. 


RICHARD MORELAND, the eldest son of John Moreland, a 
builder of chimney- shafts of 18, Old Street, St. Luke’s, London, 
was born in, Wilderness Row, Clerkenwell, on the 16th of 
February, 1805. After receiving an ordinary school education, 
he was apprenticed at the age of fourteen to Mr. Thomas Cooper, 
of 149, Old Street, London, for a term of seven years. In June, 
1828, he started in business on his own account as a mill- 
wright in a neighbouring workshop in Teanby’s Buildings, 
Old Street. 

Mr. Moreland was of a very practical turn of mind; he was 
ingenious in designing work and accurate and rapid in the 
execution of it, and was looketl upon by his fellow-workmen as a 
leading man. He took the opportunity of attending such evening 
classes as were then in existence for general improvement on 
those things which pertained to his business. 

The millwrights of that period were a most intelligent and 
useful body of men. The greater part of their knowledge was 
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derived from experience. They were equally handy at the anvil, 
the vice, the pattern makers’ and carpenters’ bench, and were 
masters in erecting work. When engaged away from the works 
they were then thrown completely on their own resources as 
regarded the carrying out of the work—the art of working from 
detail drawings not being then invented. 

In March, 1831, he entered into partnership with Mr. Thomas 
Cooper, and the firm soon became celebratod for their mill goaring, 
which had lately superseded the old wooden lJantern-wheels and 
pinions. They executed tread-wheel machinery for the various 
prisons, with grinding-apparatus, mustard- and drug-mills, &e., 
and had all the principal London and country breweries and 
distillprics on their books. 

In 1832 Barclay’s brewery was burnt down, from an oxplosion 
of malt dust in an elevator, and Messrs. Cooper and Moreland 
were called in to reinstate it. Mr. Moreland made tho designs, 
working night and day, and executed the work in six months from 
the date of the fire. 

Tn 1834 Mr. Cooper died, and Mr. Moreland purchased the 
business of his executors for £10,000, bringing into it his father, 
uncle, and brother-in-law, the two former as sleeping partners, 
and the latter as office-nanager and book-keoper. The appliances 
of the workshop were crude and primitive up to about 1850. 
There were only half a dozon lathes of a very old type, and the 
turning was done exclusively with hand tools. For long work a 
bar of iron with a groove in it was fixed parallel to the axis fof 
the lathe, and one edge of the tool, which was in the form of a T, 
rested in the groove while the other cut the metal. The boring 
was effected principally with boring bars, the feed being Igiven 
with a leading screw. . 

The modern workshop-tools—introduced by Whitworth and 
other makers about the year 1840—were sparingly purchased, 
and it was not till 1856 that the necessity of adopting them 
was recognized. The traditions of the workshop were antagonistic 
to them. None of the wheels or couplings were bored to fit on 
the shafts or spindles. Key-ways were all cut with a chisel, and 
the shafts made with key-beds, so that under the circumstances 
the workmen were independent of machine tools. 

In 1857 his son, Richard Morefand, became a member of the 
firm, the name of which was changed on the death of his brother- 
in-law to Richard Moreland & Son. Mr. Moreland retired :|from 
business altogether in 1886. 

He took an active interest in charitable work. About 1852 the 
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affairs of the Finsbury Dispensary, which had been established in 
the neighbourhood since 1780, were in a critical condition, and it 
was feared that it would have to be closed. This institution pro- 
vided medical relief and attendance to the working classes in 
Clerkenwell and St. Luke’s and the neighbourhood. Mr. More- 
land at this juncture took the matter in hand, and, through his 
exertions and liberality, sufficient money was collected to put 
it in working condition. He held the office of honorary secretary 
for forty years, and a testimonial, in the shape of his portrait 
painted by Mr. John Pettie, R.A., was presented to him by the 
subscribers in the year 1886. He was a member of the Hospital 
Sunday Fund since its commencement. 

He was appointed by Her Majesty’s Commissioners fgr the 
Great Exhibition of 1851 one of the Local Commissioners for 
enginecring and machinery. He was elected an Associate on 
March 8th, 1836. He died on the 18th March, 1891, of cystitis, 
after an illness of three months, in his eighty-seventh year. 


Captain GEORGE CHARLES PARKER was born at Havant, 
Hampshire, on the 19th of Iebruary, 1836. His father was a 
captain in the Royal Marines, and his three brothers served in 
the Royal Navy. After receiving his education at the New Cross 
Royal Naval School, le was appointed on the 3rd of April, 1853, 
as a midshipman in the Indian Navy, in which he served until 
its abolition on the 30th of April, 1863, when he was retired as a 
lieutenant, and transferred to the Indian Marine, in which, in 
1883, he was granted the title of captain. 

While in the Indian Navy, Captain Parker saw much service in 
the two China wars of 1856-7, and 1860. He was in the Naval 
Brigade during the Indian Mutiny of 1857-58, and was men- 
tioned in despatches. Te took part in the expedition against 
the Wagheers in 1859, in which, at the assault and capture 
of Beyt, he was wounded, and his sword-hilt smashed by a bullet. 
The gallantry and coolness With which he commanded the 
“‘Zenobia’s”’ field-piece party, and worked his gun under a heavy 
and destructive fire, were specially mentioned in despatches, which 
also spoke favourably uf his services in the Naval Brigade at the 
siege and occupation of Dwarka, in the same expedition. He 
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received the China war medal (with clasp for Pekin), and the 
Indian Mutiny medal. 

Soon after his transfer to the Indian Marine in 1863, Captain 
Parker was appointed Port Officer and Superintendent of the 
Government timber depot at Carwar, when he surveyed the 
harbour, and received the thanks of the Hydrographer of the 
Admiralty for the chart which he prepared. He was also thanked 
by the Conservator of Forests for his able managomont of the 
timber depot. 

He took fifteen months’ sick leave to England in 1868-9, and 
was transferred in August, 1873, to the charge of the rising port 
of Karachi as Master Attendant (afterwards called Port Officer). 
He entgred upon this office at a time when the improvements of 
the harbour (on the plans of the late Mr. James Walker), which 
had been for several years in progress, had reached a stage at 
which his professional skill and zeal proved of great advantage 
to the Government and to the trade of the port, in fully utilizing 
the advantages so far gained for navigation, and in supporting the 
engineering proposals for the continuance and further development 
of the works. ‘The growing importance of the place, which re- 
sulted from these undertakings, led to the establishmont in 1880 
of a Harbour Board, which in 1887 merged into the presont Port 
Trust, and in the arrangements and working of both Captain 
Parker bore a prominent and most laborious part, not only as 
executive officer, but as member and vice-chairman of the respec- 
tive boards. Je also rendered valuable service, which was duly 
acknowledged by Government, in aiding the transport of troops 
and baggage animals, vii Karachi, in connection with the Afghan 
and Soudan wars, and in the fitting out and despatch of troops 
for the Malta Expedition in 1878, during one of the short periods 
in which he acted as Port Officer at Bombay. Latterly, also, he 
raised and formed the Karichi Brigade of Nuval Volunteers, in 
which H.R.H. the Duke of Connaught took much interest, during 
his inspection of the Karachi defences in 1890. 

He received the thanks of Government for his personal exer- 
tions and prompt measures in saving life and property in wrecks 
at or near Karachi on four different occasions. All theso labours, 
with heavy responsibility, in a trying climate, told on Captain 
Parker’s health, and he reluctantly took sick-leave in October, 
1890; but unhappily did not live to reach England, his death 
having occurred at sea on the 15th of November, 1890. 

The Karéchi Port Trust Board placed on record their high 
appreciation of Captain Parker’s services and advice, their deep 
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regret for his loss, and sympathy with his wife and children, in a 
resolution dated 20th November, 1890, in which reference was also 
made to the feelings of all those who had been associated in 
work with him, or had served under him. Captain Parker was 
careful of the welfare of his subordinates, not merely as a matter 
of official duty, but as one who took a warm interest in the educa- 
tion of their children, and in their social gatherings and amuse- 
ments. 

In private life his sociable character will be long held in kind 
remembrance by a large circle of friends, who heartily sympa- 
thize with his family for the loss vf one who may be truly 
characterized as a brave and skilful sailor, an able administrator, 
and a kindly and honourable man. 

Captain Parker was elected an Associate on 2nd of December, 
1884. He was a Fellow of the Royal Geographical and Royal 
Astronomical Societies, and a Member of the Royal Asiatic 
Society. 


JOHN ALEXANDER RADCLIFFE was born at Salisbury on 
the 26th of February, 1823, being the fifth surviving son of the 
Nev. (eorge Radcliffe, D.D., Prebendary of Sarum, iG was well 
known in ‘the south-west of England during the carly part of this 
century as the headmaster of one of the largest of those private 
schools which have now almost entirely disappeared, but which 
then rivalled the leading public schools as centres of classical 
education. We inherited from his father an intensity of energy, 
which lasted throughout his life. Firmness of will, combined 
with great tact in dealing with men, a strong capacity for, 
and love of work, united to an almost instinctive perception of 
the main points at issue in any matter, were some of his 
characteristics; and these, added to great kindness of heart, 
integrity, and an honest devotion to the best interests of his 
clients, gained for him, to an unusual degree, their confidence 
and esteem. 

Having received an excellent classical education in his father’s 
school, Mr. Radcliffe, after being articled to a solicitor in Salis- 
bury, proceeded to London for further training, and entered the 
office of Mr. Warry, a lawyer of some repute, in New Inn. His 
ability was soon recognized, and he had not been there long before 
he had the conduct given him of a cause célébre, in which a well- 
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known nobleman was interested, and which led to a journey over 
u great part of the Continent in search of evidence in days when 
railways were unknown. Shortly after his successful handling 
of this case, Mr. Radcliffe started business on his own account in 
Delahay Street, where, in conjunction with Mr. Edwards and 
other partners, he laid the foundation of a large and important 
practice. The era of railway making had then begun, and his 
firm soon got the charge of a large railway business, principally 
relating to lines in the west of England and Ireland. Wore he 
was necessarily brought into close contact with the leading civil 
engineers of the time, and the connection thus formed continued 
unintesruptedly throughout the rest of his professional carcer. 
He was frequently associated with them as legal assessor in 
important arbitrations, ‘and his advice was constantly sought 
with reference to the drafting of awards. IIc acted as solicitor 
for the Institution on many occasions, notably in the case when 
the Commissioners of Inland Rovenue sought, unsuccessfully, to 
make the Institution liable for Corporation duty. 

Mr. Radcliffe had frequent occasion to travel abroad under 
circumstances unusually favourable for acquiring information. 
Early in life he had been commissioned to visit America and 
report on its railway system. Ile had been to Hgypt to advise 
upon large irrigation works; to Spain with reference to wator- 
works. As director of the West Flanders Railway, he had repre- 
sented the Board at more than one railway conference. Ifo had 
some acquaintance with Italy, Switzerland, and Germany. Being 
thus a man of varied experience, brought into close intercourse 
with some of the most eminent persons of the day, witha rotentive 
memory, and considerable conversational powers, he was a welcome 
guest wherever he went, while his warmth of heart and upright- 
ness of character won him many firm friends, who will iiss his 
wise advice and ready sympathy. 

Mr. Radcliffe died on the 27th of January, 1891, leaving a 
widow and seven children surviving him. Ile was elected an 
Associate on the 7th of February, 1888. 
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THOMAS WRIGHT was born in 1812, and was educated at 
Leeds. After serving an apprenticeship of seven years as a 
Mechanical Engineer under Mr. Goldthorpe, of Leeds, he became 
for three years foreman to Messrs. Hattersley and Son, of Bradford, 
after which he was, for a short time, in the establishment of 
Messrs. Joseph Whitworth and Co., of Manchester, and subse- 
quently in that of Messrs. Sharp and Roberts, with whom he 
remained eightcen months. He then entered the locomotive 
department of the London and South Western Railway, where he 
stayed for about four years. He was next employed for five years 
in the office of Mr. Joseph Locke, being engaged during nart of 
that time on the construction of the Barcelona and Mataro Rail- 
way, of which he afterwards became the Locomotive Engineer and 
Carriage Superintendent. 

About 1851 Mr. Wright commenced business on his own account 
asa railway engineer. In 1856 he was appointed, on the recom- 
mendation of Sir Charles Hartley, agent in England of the 
Huropean Commission of the Danube, for the selection and pur- 
chase of machinery and goods of all kinds required for the 
construction of the river-works from Galatz to the sea. The 
duties of this office he continued to discharge up to within a few 
months of his death, to the entire satisfaction of the Commission 
and its Resident Engineer. 

It is interesting to note that as early as 1851 a scheme was 
brought forward by Mr. Wright for the establishment of a 
“ Metropolitan Streets Tramway Company,” the object of which 
was “to collect, condense, and systematize, as well as to cheapen, 
the transit of passengers, parcels, and goods through the streets of 
London and its environs.” He proposed to “insert two lines of 
rails into and flush with the surface of the cart road,” and stated, 
as a part of his scheme, that “the ground occupied by these rails 
after the trams shall have passed will be common to every other 
kind of vehicle as at present.” The gauge was to be 4 feet 
8} inches, so that the wagons used on it could run on ordinary 
railways. The carriages were to be of the same width as an 
ordinary omnibus, but the wheels were to be placed underneath 
in lieu of at the sides, and he considered that three such vehicles 
carrying a hundred and twenty passengers could be propelled by 
one pair of horses. The fare for a single journey was to be 3d., 
but “intermediate distances of a mile” would be charged at 1d. 
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only, while for 6d. the passenger might change from one car to 
another till he arrived at his journey’s end. A system of parcels 
delivery between the waiting-rooms provided for the passengers 
was also contemplated. 

Another of Mr. Wright’s proposals has been already realized, 
namely, that of the “ Artillery Train.” This idea was advocated 
by him in 1864, when he pointed out the great. services which 
such a train might render in military operations, and showed how 
the difficulties arising from the concussion of firing and the recoil 
of the guns might be met. 

For the last two years Mr. Wright had suffered from bad health, 
and the inclemency of the weather during the winter of 1890-9! 
brought on an illness which proved fatal. He died of bronchitis 
on the 20th of February, 1891, aged 79. In character ho was 
remarkably straightforward and unpretending, and by his strict 
integrity and business-like qualities earned the confidence and 
esteem of all who knew him. Mr. Wright was elected an Associate 
of the Institution on the 5th of April, 1853. 


* * The following deaths, in addition to some of those included 
in the foregoing notices, have been made known since the 10th of 
March, 1891 :— 


Members. 
e 


Perkins, Lorrus; died 27 April, 1891; 
aged 36. 

RENNIE, Wituwram Covurar; born 3 
December, 18413; died 5 April, 1891. 

RICHARDSON, RoperT; died 21 March, 
1891 ; aged 79. 


Annerson, Henry Joun Carp; died | 
25 March, 1891; aged 56. | 
BAZALGETTE, Sir JOSEPH WILLIAM, | 
C.B., Past-President ; born March, 
1819; died 15 March, 1891. | 
Fisner, GeorGe; died 3 May, 1891; |! 
aged 81. | Rippews, Ronert; died 16 May, 1891. 
HarpDcasTLe, Wituram Joun, Bey ; SLAUGHTER, Epwarp; dicd 13 May, 
died 1 December, 1890; aged 61. | 1891; aged 75. (Syncope following 
Hawksnaw, Sir Joun, F.R.S., Past- |  gneumonia.) 
President ; born 1811; died 2 June, | Waker, Bensamin; died 14 April, 
1891. | 1891; ayed 70, (Conyestion of the 
MarLey, Joun; born 11 November, , — lunga.) 
1823; died 4 April, 1891. (Paraly- | 
tic seizure.) 
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Associate Members. 


Arcuison, Artuur Turnocr, M.A.; born 5 November, 1857; died 19 
died 21 April, 1891; aqed 48. March, 1891. 
Montreson, Cuaries Epwarp Cace; 


Associate. 
JACKSON, JOHN; born 3 February, 1834; died 14 February, 1891. 
Information respecting the life and works of any of the above 


is solicited in aid of the preparation of Obituary Notices.—Skrc. 
Inst. C.B., 5 June, 1891. 
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Sect. III. 


ABSTRACTS OF PAPERS IN FOREIGN TRANSACTIONS 
AND PERIODICALS. 


e 
The Celluloid Slide-rule. By — Caviiur. 
(Zeitschrift fuer Vermessungswesen, vo], xx., 1801, p. 119.) 


The Author has had in constant use for two years a 10-inch 
slide-rule of the Gravét type made of celluloid by a German firm. 
With a view to ascertain the degree of accuracy attainable with 
this rule after two years’ wear, he has made the following series 
of tests, in which the actual results were of course calculated and 
entered in the table after the slide-rule results had been noted :— 





! 


























No. | Slide-rule Result. | eo ie os Krror 8 | ane eal 
—_ —_ per cent. = 
1 | 278 x 8-Gt= 24-02 24-02 - - 
2 | OBLx 124=11°53 | 11-54] -0-01 | 0-09 | 0-008! 
25GX S27 =A | -BWIT) 0-08 | O14 | 0-0196 
4 1:23.x 2:43=2:99 | 2-99 . se Se 
5 9-01 x 6°75 = 60°75 =| 60-72} +0:03 | 0:05 | 0-0025 
( | 8:04 x 7°94 = 63°8 | “4 —(0°04 0-06 | 0°0036 
7 | 9:95 * 6°41 =63'8 | 64:05 | —0°25 | O-89 | 0-152] 
8 152x20'5= 31-2 | 3116, +0-04 0-3 | 0-0169 
9 7:18 x 16:4 =117°8 ! 117°75 | +0°05 | 0-04 | 00016 
10 3°65 X 11°38 = 41°38 | 41°25 ' 40-05 ! 0-12 0:0144 








Thus, for this series, the error m = + ry a 7 BS 015 per 


cent., or approximately 1 in 650. 
In the following series the calculations consist of combined 
multiplications and divisions, involution and evolution :— 
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7 : ee 4 | eee 
No. | Slide-rule Result. | a. ; ; 2 es a 
percent. | 

1 | eee = 12°15| 12:16] —0-01} 0-082 | 0-0067 
2 | 8520+6°35 = 1342-0 1341-73 | +0-27| 0-020 ! 00004 
5 725 4+12:35 = 58°69] 58°70} —0-01 | 0:017 0:0003 
4 | 745 "= 54-01 | 54°02} ~0-01! 0-019, 0-0004 
5h} 785 = 97:0 | 397°05 | —0-05| 0:013, 0-0002 
6/1654 = 40°63 | 40°67) —0-02| 0-049 | 0-0024 
7 | 754 = 27-49) 27-46 | 40-03] 0-109 0-0119 
8 3/684 = 882} 8-81] 40-01) 0-113! 070128 


y VS 16 = 6°00 6°00 : 
jy ABE 789 x 18:5 
es Ve ee Cr 





= 2°92) 9-99 





Thus, for this series, the error m = + a/ se = 0°06 per cent., 


or approximately 1 in 1,700. 

Three similar series gave 0°05, 0°07, and 0:06 per cent. 
respectively. The average error may therefore be taken at 
1] in 1,500. The greater degree of accuracy obtained in the 
second series may be due to the fact that the intermediate result 
may be fixed with greater accuracy with the cursor than it can be 
read with the eye. Possibly, too, by combining several operations 
errors are neutralized. 


B. H. B. 


ene ee me ee 


Periodical Movements of the Ground as Indicated ly 
Spirit-Levels.1 By P. Prantamour. 


(Archives des Sciences Physiques et Naturelles, Geneva, vol. xxiv., 1890, p. 441.) 


The Author recounts his twelfth (and last) year’s level-observa- 
tions, in which he restored to its original position and direction 
the spirit-level, which previous to October 1886 had been 
oriented south-north, and which for the last three years had 
been placed nearer the centre of the house, and oriented east-west, 
in order to compare its readings with the other spirit-level 
similarly oriented, but placed near the outer wall of the house. 
He found its indications similar in all respects to those of the first 
eight years; i.e. that the oscillatory ground-movements have less 

* Minutes of Procecdings Inst. C.E., vol. liv. p. 286; vol. lx. p. 342; vol. lxiv. 
p. 343; vol. Ixviii. p. 321; vol. lsii. p. 324; vol. Ixxv. p. 326; vol. Ixxix. p. 375. 
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amplitude in this direction than in that of east-west, and that the 
south end in addition experiences other movements than those pro- 
duced by the temperature and acting in an opposite direction, the 
cause of which is still an enigma. 

The inclination of the east end has diminished 1°44 second of 
arc, and the mean inclination for the year 2°14 seconds, as com- 
pared with the preceding year. The east ond reached its lowest. 
point (—124°85 seconds) on 6th March, 1890, the minimum of tho 
south end (—2:*2+4 seconds) ocenrring also on the same day, while 
the lowest reading of the mean temperature occurred on 2nd March, 
or four daysearlier. The highest mean temperature for the twonty- 
four hours was taken on 26th June, whilst the maximum rise of 
the east end (— 99-18 seconds) occurred on 18th August, fifty-three 
days after, and that of the south end (+ 3:98 seconds) on 29th May, 
twent¥-eight days in advance of, the maximum temperature. 
These anomalies have existed in the previous years, and are not 
easy to explain; but, generally speaking, the ground-moveinents 
coincide with those of the temperature. 

After twelve years’ patient investigation the Author insists 
that the regularity and accuracy of the indications of tho ground- 
movements by the spirit-levels cannot be questioned, although 
definite conclusions as to the causes which produce these movements 
cannot yet be deduced. The anomalies in the level-readings prove 
that one or more factors, besides the temperature, must influence 
these ground-movements. Ife concludes by expressing the hope 
that these level observations will be continued at Geneva and elso- 
where, until definite conclusions can he deduced eee - 

K. I. OC. 


Shaft-Surveying at the Prabram Mines. 
(Oesterreichische Zeitschrift fuer Berg- und Huettenwesen, 1890, p. 301.) 


The government mine-surveying department publishes a fall 
account, illustrated by means of two drawings, of the survey of 
the Kaiser Franz-Josef shaft at Przibram—probably the most 
complicated and difficult mine-survey ever executed. In 1875 thio 
Adalbert shaft attained a perpendicular depth of 1,000 metres 
(3,280 feet). The same horizon, the thirtieth level, was reached 
by the Maria shaft in 1879, the depth from the surface being 
1,010 metres (3,313 feet). In order*to facilitate the haulage from 
this enormous depth, it was decided in 1879 to sink a third shaft 
to this level. The shaft selected was the Franz-Josef, which at 
that time had reached the seventeenth level, a depth of 421 metres 
(1,380 feet) from the surface. In order to accelerate the construction 
of the shaft, it was arranged to work at several levels by sinking 
and rising. The work was conducted at the following levels :— 
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Feet. 

Between the 17th and the 23rd, with a rock-thickness of .  .  . 755 
“ 23rd Pe 25th, or . « . 249 

5 25th is 28th, as oe - . « 5890 

. 28th ,, 30th, a x . . . 860 


The total thickness of rock to be driven through thus amounted 
to 1,864 feet. Before the shaft could be begun, it was necessary 
to drive cross-cuts of various lengths at the twenty-third, twenty- 
fifth, twenty-eighth, and thirtieth levels. Besides these, a cross- 
cut had also to be made at the twenty-sixth level. The success 
of the project was obviously dependent on the accuracy of the 
determination of the shaft axis at the different levels, and the 
survey consequently had to be extended over a large area of 
the Maria-Adalbert mine. A survey had first to be made at the 
twelfth level, where the three shafts (Maria, Adalbert, and Franz 
Josef) were already connected, in order to accurately determine 
the triangle formed by them. The well-known problem of con- 
necting the surveys at different levels by means of two perpen- 
dicular shafts was then repeated five times. The following are 
the results of the determination of the shaft triangle at the twelfth 
level, the instrument used being a mining theodolite with two 
verniers reading to one minute :— 


Sides of the Triangle. Angles opposite. 
fe Metres. we a J M 
a. Maria-Adalbert. . 561,091 | a At Franz. . . 90 34 58 
b. Maria-Franz. .  . 340,091 | 8. At Adalbert. . 37 18 28 
c. Adalbert-Franz. . 442,828 | y. At Maria. . . 52 6 8t 


The total length of levels traversed amounted to 1,120 metres 
(3,673 fect), the number of stations being forty-four. When the 
heling was effected (January, 1883), the survey at the twenty- 
third level gave the following results :— 


fides. Angles, 
Metres. | = 2 ‘ s 
Me 6 6 « «© « « §61,045 @. «.« «+ «© «© « 90 35 40 
Ose ae. as a ws oe BAO OSE Bie ee ee BT. TB 
Ci eR, hy Se es SED TAO y -e  age BS OB 58 


The length traversed amounted to 1,960 metres (6,430 feet) with 
seventy stations. Corrections being made for instrumental and ° 
other errors, the following mean results were taken :— 


Sides, | Angles. 
Metres. | 8 hn 
Gy 6 6 6 ee) 6. 6061,055 | a)... ww.) 690 85) (7 
by 2 2 ee he 680,064 BY... 87 8 85 
Cys de) eee. eS ve & E278 Vii oe a & OZ ob 18 


and with these data, the shaft was continued by sinking from the 
twenty-third and rising from the twenty-fifth level. ‘The shaft 
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was made of full dimensions, 19} by 6} feet, and on holing the 
sides exactly coincided. A check survey at the twenty-fifth level 
gave the following results :— 


Metres. o , ” 


@ . 2. 6... 560,990 a 2... 20 88 
be . . 1.) .). 880,798 BB . . BT 687 
Ce 6 eww ww 4E2,762 ye we. OO 


In order to obtain these results, a traverse of 2,200 metres 
(7,217 feet) with ninety-two stations was necessary. The variation 
of these results from those obtained at other levels is due to the 
difficulty of rendering so long a plumb-line perfectly stationary. 
Lastly, for fixing the shaft-axis at the twenty-eighth and thirtieth 
levels, the arithmetical mean of the three previous surveys, at the 
twelfth, twenty-third and twenty-fifth levels, was taken, the sides 
and angles being— ° 


Metres. | S) f i 
Gm » © » « « « &61,0#2 |} ap, »§ «© « © «. 90 BH 45 
Wiig i Sys BE SORTS: FP Bins a cal a> od. a> TBE AE 
Cr + 6 6 6 eo 442,777 | ym eee ee 52 GE 


The holing was effected in December, 1889, after the axis had 
been determined at the twenty-eighth level by a traverse of 1,110 
metres (3,640 feet) with forty-four stations, and at the thirtieth 
level by a traverse of 1,520 metres (4,987 feet) with fifty-two 
stations. ‘The coincidence was so exact that not tho slightest 
change in the masonry or timbering was neccssary. 

In order to give an idea of the magnitude of this survey, it 
may be noted that all the operations were repoated, and that for 
the construction of the cross-cut at the twenty-sixth level, a 
further traverse of 1,020 metres (3,345 feet) with forty stations 
was required. The total distance traversed amounted to 11 miles, 
with 684 stations. 

B. IL. 3. 


Tunnel-Surveying on the Croton Aqueduct. By F. W. Warkiss. 
(Transactions of the American Society of Civil Engineers, vol. xxiii. 1890, p. 17.) 


With the aid of eight plates, the,Author describes the methods 
of surveying for shaft- and tunnel-work adopted in Division No. 6 
of the Croton aqueduct tunnel, which extends from a point near 
the northern boundary of New York city to the Harlem river, i 
distance of 24,140 feet. The tunnel was driven from six shafts: 
the distance between them, and the depth from the surface being 
as follows :— 
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ql 
Shaft ' From Surface From Top of (Distance between 
sae | to Invert. Curbing to vert.| Shafts. 





No Feet. | Feet. | Feet. 

19 56°83 57°00: i 

20 198-87 | 13882 | 3,116 
91 115-21; =~ 185°51 : 5,426 
Qu 94-11 | 10465 | 6,925 
23 : 78-21 | 86°17 3,940 
of 189° 96 205°07 4,280 





In the alignment there were three changes of direction; whilst 
the grades changed very considerably. The shafts were placed 
longitudinally with the axis of the tunnel, and on one side of the 
centro line, so that the wires should not interfere with the cages 
in the shaft. It was found that the centre-line wires were very 
difficult to distinguish, as the cross-hair of the telescope and the 
two plummet-lines appeared so nearly alike. The Author was 
therefore induced to devise an illuminated slit apparatus to replace 
the wires at the bottom of the tunnel. This instrument consists 
of two vertical strips of brass, 3 inches in height, attached to 
separate horizontal bars, moving in guides, and provided with 
a tangent-screw motion, by which one or both could be moved 
right or left, and the vertical aperture between them made as 
small as desired. One of these instruments was screwed toa plank- 
bracket close behind each plummet-wire, and so placed that the 
farther one could be seen through the theodolite in line just above 
the other. When these slits were adjusted so as to be directly 
behind the plummet-wires, the latter were removed, and lights 
placed behind the slits. In this way two fixed and illuminated 
points were substituted for the wires. 

For test-alignment work, a point was selected in each heading 
some 150 fect from the shaft. Holes were then bored in the roof 
to a depth of 8 inches, and wooden plugs inserted. Into these 
lat. spikes of tron, 9 inches long, were driven. ‘T’o these spikes a 
horizontal brass plate was bolted, with a zero mark cut on its 
lower edge. A movable vernier-bar was then hung under the 
brass plate, so that the distances east or west of the zero mark of 
a new test-line could be read off. The Author records a number 
vf alignment-tests made in this way, the results showing that the 
accuracy of the surveys was very remarkable. In order to reach 
the plugs in the roof tor hanging lines ina circular tunnel, ordinary 
ladders were not available, and consequently tripod ladders were 
devised which would stand alone., 

For taking cross-sections for measuring the areas and quantities 
of excavation, the Author deviged an instrument consisting of a 
circular disk or protractor, 3 feet in diameter, attached to a vertical 
iron rod capable of moving up and down in a socket, regulated by 
w thumb-screw. It was supported by a tripod with extensible 
legs, made of wrought-iron gas-pipe. The disk was set in the 
plane of the axis, and its centre made to coincide with that of the 
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circular tunnel. Cross-sections were then taken, the measurements 
showing at once where any trimming was necessary. This 
instrument worked well, but was rather heavy. <A lighter form 
was devised by Mr. A. Craven, who used a wooden tripod, a shift- 
ing top, a ball-and-socket joint, and levelling screws. <A vertical 
brass tube slides through the socket, and carries at its top a 
wooden graduated disk, 18 inches in diameter. An arm revolving 
on a central socket traverses the face of the disk, and a wooden 
measuring rod, 14 feet in length, is placed on this rest in front of 
the disk, and slid out to touch the surface of the tunnel, tho end 
of the rest at the same time indicating the angle from the vertical. 
In order to ensure the cross-section being taken at right angles to 
the axis of the tunnel, the disk is provided with a small sighting- 
tube, perpendicular to its face. The areas of the cross-sections are 
either*calculated from the field-notes, or measured with the polar 
planimeter. In the Crgton aqueduct-tunnel sections were taken 
every 10 feet over 30 miles of tunnel. 
B. 1 B 


The Coustruction of Roadways across Peat-Boqs. 
By A. Scuacur. 
(Zeitschrift des Architekten- und Ingenieur-Vereins zu Hannover, 1890, p, 749.) 


As the instances of high-roads crossing peat-bogs or mosses arc 
not very numerous, the records of the methods adopted in their 
construction are few. In most cases the surface of the underlying 
solid ground is above the level of the water-ways of the district, 
and this is illustrated by a diagram, showing a section of the 
natural formation along the course of the Hunte-Ems canal, 
between the River Hunte, in the Weser basin, and the River 
Vehne, in the Ems basin. The length shown on the section is 
6 miles long; the ordinary level of the water in the Hunte is 
about 15°75 feet above datum, and the level of the immediately 
adjacent land is about 23°30 feet above datum. The ground is 
there of a solid nature, and the section shows the surfaces of this 
and of the overlying peat, the latter being shown by two contours, 
representing its surface in 1846 and again, after being drained, in 
1887. The solid ground falls gradually, until about 14 mile from 
the Hunte, to a level of 19:70 above’datum, and thence rises to the 
swunmit at 4 miles, where it is 46°60 above datum, and falls thence 
to the Vehne. 

The moss commences at about two-thirds of a mile from the 
Hunte, and continues to and across the Vehne, its greatest thick- 
ness being at a point about 2 miles from the Hunte, and where it 
was originally 29 feet 6 inches deep. 
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Its thickness at the summit was 8 feet 3 inches ie metres), 
and at the Vehne 6 feet 6 inches (2 metres); the latter stream- 
bed, being entirely in-the peat, is in the summer usually dry. 

The above instance having been quoted as an example of the 
mosses of Northern Germany, the Author deals with the question 
of the construction of roadways laid upon the surface of the moss. 

An undrained moss consists of about 90 per cent. of water, and 
10 per cent. of vegetable matter, and consequently while in that 
condition quite incapable of sustaining a roadway. By gradual 
drainage, however, the fluid mass is condensed into a more or less 
dense peat, but it is of great importance that this should not be 
attempted to be effected at too rapid a rate, as there is a liability 
of the escaping water carrying off with it the particles of vegetable 
matter, causing the sides of the ditches to collapse, and the pro- 
duction of fissures on the surface of the moss which, becoming¢ filled 
with water, and ice in winter, extend more and more. 

The drainage of the strip of moss along the site of the intended 
roadway should be effected by side-drains, carried gradually down, 
and into the solid underlying ground; and if this can be done, it 
is probable that the moss by conversion into peat will be reduced 
by about one-third of its total thickness. It 1s recommended that 
in making the drains, the sides, instead of being sloped, should be 
cut in a series of steps or benches, each of about 3 feet 3 inches 
deep, and 3 feet 3 inches broad, down to the requisite level, so as to 
expose as large a surface as possible to the influence of wind and 
sun, and thereby produce a comparatively hard skin of dry peat, 
und consequently lessen the destructive action of frost. 

Supposing it be required to make a roadway of 10 metres 
(32 feet 9 inches) broad across a moss of 6 metres (20 feet) in 
thickness, it is recommended that, to begin with, a surface of 1 foot 
8 inches to 2 feet 6 inches broad and deep should be cut parallel 
with the centre-line of the roadway, and at a distance of from 36 
to 46 fect on each side of the axis, depending upon the width of the 
cess (viz., fron 6 feet 6 inches to 16 feet 6 inches) which it is 
intended to leave between the edge of the roadway and the side 
drain. At right-angles to these and across the roadway, similar 
drains should be cut about 32 feet 9 inches apart, extending 
laterally across and beyond the side-drains, and from 130 to 160 
feet long. ‘The excavation from these drains should not, however, 
be deposited near their edges, or slips will probably occur, but 
laid on the roadway site, as it will have to be used for refilling the 
cross-drains later on. This work having been executed in the first 
summer, during the next season all drains can be deepened to the 
extent of a further 1 foot 8 inches or 3 feet 3 inches, and the sides, 
in the case of the longitudinal drains, widened 1 foot 8 inches 
(4 metre) or more. In the third year all the drains can be 
further deepened in like manner, care however being taken to keep 
the transverse drains crossing the road site as narrow as possible. 

A matter of the greatest importance is to prevent the formation 
of fissures longitudinally on the site of the roadway, transverse 
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fissures being of but little importance. ‘The foregoing forms 
only the preliminary process of drainage, and it must depend upon 
the nature of the moss as to whether four, five or more yoars will 
suffice for bringing it into a condition sufficiently solid to allow of 
the forming of the roadway, composed of sand, ete., topped with 
metalling. 

The Author refers to the remains of Roman causeways which 
are discovered occasionally at a depth of from 3 to 6 feet helow the 
surface of some of the mosses in North-West Germany. They are 
formed of longitudinals of rough-hewn timber, overlaid by trans- 
verse timbers of lighter scantling. 

DD. G. 


7) 
On Componential Trusses, By H. TB. Sraman, 
(Transactions of the American Society of Civil Engineers, Dec., 1890, p. 277.) 


This paper describes a pair of compound trusses constructed to 
carry the stringers of a travelling-crane which was tv convey 
heavy blocks of marble across the tracks of the Baltimore and Ohio 
Nailroad. 

The span to be bridged was 100 feet, and the various elevations 
of the railroad and of the buildings to be served by the travoller 
were such, that, combined with the existing traveller, it was not 
possible to employ a girder more than 2 feet 54 inches in depth. 
The shape of the traveller, extending 12 inches beyond the rail, 
was prohibitive of the use of a deep truss outside tho stringer 
because of the lateral moment produced. The design finally adopted 
was a pair of compound trusses of triangular cross-section, con- 
sisting of three chords, one vertical web-system, one inclined web- 
system, and a horizontal web-system; the vertical web-system 
being outside. 

The final span was reduced to 87 feet 7 inches. The truss-depth 
from out to out of the chords vertically was 8 feet, giving a ratio 

p Span 
: depth 
4 feet between centres of chords, and the inner lower chord, 
which was common to the vertical and horizontal web-systems, was 
also the box-girder, which carried the rails of the traveller, and, 
including a 6-inch wooden stringer, only measured 2 feet 45 inches 
from base of rail to clearance beneath. 

Each 61-foot box-girder of 2 feet depth, as employed when the 
tracks to be crossed had not been widened, weighed 28,000 pounds, 
or 460 pounds per foot, so heavy a weight being due to a desire to 
reduce deflection. 

The new componential trusses of 87 feet 7 inches weigh 34,000 
pounds each, or 390 pounds per foot only. 





of close upon 11. The horizontal componential truss was 
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The weights taken for calculation were a live load of 30,000 
pounds on two wheels 6 feet apart; a dead load of 400 pounds per 
foot. 


Panel load, outer chord . . 2. «© «© © 2 © « 750 Ibs. 
3 stringer chord. . . . . . . - «. 41,750 ,, 
Ms topchord . . 2. . «© «© + «© «© + 41,050 ,, 


There are thus two separate end support reactions; that under 
the outer or vertical web-system passing directly to the vertical 
system, whilst the reaction beneath the inner lower chord or 
stringer passes partially by the inclined web-system and partially 
by the horizontal system, which takes of course the strains arising 
from the horizontal component of the stress in the end oblique 
strut. 

The stresses in all members are tabulated, and the Paler is 
accompanied by six lithographed plates. . 

The trusses have continued to give satisfaction since their erec- 
tion, though many adverse opinions were volunteered. The first 
load to which they were subjected was one of 14 tons (28,000 
pounds), carried close to one of the trusses, and which, with the 
weight of the traveller itself, was probably fully equal to that for 
which the trusses were designed. 

W. Hz. B. 


The Malleco Viaduet, Chili. By H. Mamy. 
(Le Génie Civil, vol. xviii, 1891, p. 277, 1 Plate, 9 Cuts.) 


The Author introduces his description by stating that the total 
length of railways in Chili in the year 1889 was 1,740 miles, of 
which 750 miles belonged to the Government and 990 miles to 
private companies. 

Since that«date the Government has encouraged emigration to 
Araucania, and for this purpose is now constructing a line of 
railway 310 miles long, which passes through the south of Chili, 
along the valley which separates the Cordilleras of the coast from 
the Andes proper. This line will be merely a continuation of 
that which serves the valley running from Santiago to the Bio-Bio 
river. 

The viaduct of Malleco is at the point where the new line begins, 
and is one of the largest works of its kind in Chili. 

The River Malleco itself is only about 20 yards wide, but it runs 
in a valley with very steep sfdes, so that a viaduct was necessary 
in order to cross it. Mr. Aurelio Lastarria, a Chilian engineer, 
prepared the original plans, and, after tenders had been obtained 
from Europe, the work was placed in the hands of the Creusot 
firm in France, who have carried out the whole of the con- 
struction. 

The viaduct carries a single-track of railway of 5 feet 6 inches 


Abstracts.] THE MALLECO VIADUCT, CHILI. 335 


gauge, and its total length is 1,140 feet. The principal girders 
are supported by masonry abutments at each end, and by four 
columns of open ironwork, so that the viaduct consists of five equal 
spans of 228 feet each. The two main girders are placed at a 
distance of 14:7 feet between centres, and are 23 feet between the 
covering plates. 

The whole of tho struts and ties are of a U section. The Author 
then enters into details as to the dimensions of the difforent 
members of the girders, and states that with the double system of 
staying, both in a horizontal and vertical plane, that the viaduct is 
well able to withstand deformation from either wind-pressure or a 
rolling-load. There are two foot-ways between the ends of the 
sleepers and the sides of the girders, and a hand-rail 5 feet high 
is carried the whole length. The open ironwork columns which 
suppott the viaduct are of different heights ; the two nearest to the 
abutments are 143 feet, high, measured from the top of the stone 
foundation to the summit. One of the other two is 222 foet high, 
and the second is 248 feet high. These four columns have to 
support the entire weight of the girders, and also the lateral 
pressure of the wind. The bases have heen therefore firmly 
anchored into the masonry in a most complete manner. All the 
capitals of these coluinns are of the same size, 14°8 feet across the 
viaduct, and 9°8 feet in a longitudinal direction. 

The columns are constructed of four principal pillars which 
support all the weight, each pillar being composod of cight bars of 
U section. The diameter of a circle inscribed within the bars is 
20 inches, while the circle described about the projections of the 
bars is 27-25 inches. The central pillar has been made of similar 
section to the other four pillars, although it does not carry any of 
the load. Particulars are given of the dimensions of the tic- 
rods and struts of the pillars. The columns are anchored down 
to the masonry foundations, and are provided with plates in such 
a way that the mass of masonry held by the tie-rods is 24°45 
feet deep. The tie-rods are made of wrought-iron, and aro 
6°6 inches diameter for the two high columns, and 5:45 inches 
diameter for the shorter columns; they are screwed at the ends, and 
the nuts are tightened up while the rods are heated, in order to 
prevent loosening caused by vibration. The main girdersare fixed 
to the two central columns, and the expansion of the centre girders 
caused by a rise of temperature is too small to injuriously affect 
the columns at such a height above their base, but the weight of 
the viaduct is carried upon rollers upon the other two columns, and 
upon the end abutments. 

The material used throughout has been mild steel, and the 
breaking stress required in the test-pieces was 28:5 tons per square 
inch with an extension of 25 per cent. on a length of 3°94 inches. 
The test-pieces used had a width of 1°18 inch, and a thickness 
corresponding to the particular plate tested, and the average 
results given were a maximum breaking load of 30 tons per square 
inch with an extension of 28 per cent. upon 3°94 inches. 
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Tables are given of the maximum bending moments of the five 
spans with various loads, and also of the shearing loads. 

The maximum load is obtained with a locomotive of 46 tons 
weight carried upon four axles, at a distance of 4:6 feet between 
centres. 

In the calculations for stability of the structure, a maximum 
wind-pressure of 55 lbs. per square foot has been allowed for when 
the bridge is unloaded, and of 35 lbs. per square foot when a load 
is upon it. The members have been so calculated that under the 
combined action of both wind and load, the stress does not exceed 
6°35 tons per square inch. 

The masonry work for the viaduct which had been at first placed 
in the hands of the contractors was begun in 1886, but it proceeded 
very slowly for the first two years, and it was only in 1888 when 
the Chilian Government took the work in hand that progres was 
made. Mr. Aurelio Lastarria was the chief engineer, and after his 
death Mr. Edward Vigneaux, also a Chilian engineer, took charge 
of the work. 

The tests of the completed viaduct began upon October 11, 1890, 


and were made conformably to the French law of 1877. 
EK. R. D. 


Hydraulic Apparatus for a Swing-Bridge at Ghent. 
By i. Braun. 


(Le Génie Civil, vol. xviii., 1890, p. 247. 1 Plate.) 


A swing-bridge has been built at Ghent for the entrance of the 
dock-basin. ‘The platform is about 1380 feet long, 72 feet being 
for the approach. The width is 26 feet and the weight 150 tons. 
A type of hydraulic apparatus is used to work the bridge, which 
has now been+in use four years and given excellent results. It 
consists of three parts :— 

1, The motor itself. 2. The apparatus for transmitting the 
power froin the motor to the platform of the bridge. 3. The con- 
trolling gear. 

The motor is a Dulait turbine driven by the town water-supply, 
which is at a pressure of 51 Ibs. The axis of the turbine is 
vertical, and turns only in one direction. 

2. The axis carries a friction-cone made of leather disks com- 
pressed and cemented together. This cone is placed in the centre 
of a vee-shaped groove in the rim of a pulley, which can slide side- 
ways upon a key let into the shaft, so that according as one or 
other side of the groove is driven by the rotary cone, so the bridge 
is closed or opened. The work is thus done by friction alone, 
which allows the bridge to be suddenly locked while moving 
quickly without risk of breaking any gearing. The turbine 
rotates at 200 to 250 revolutions per minute, while the bridge 
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makes a quarter turn in ‘seventy-five seconds, so that gearing is 
employed to obtain the necessary speed. The gear-wheels are 
keyed upon the same shaft as the pulloy with the veo-2 eTOOVE, 
and drive another shaft which carries a wheel gearing ‘into a 
circular rack fixed under tho platform of the bridge. 

3. The controlling-gear consists of two parts; that which 
governs the admission of the water, and that which controls the 
direction of movement of the bridge. The admission of water to 
the turbine is regulated by a sluice-valve which is controlled by a 
vertical spindle, ‘which carries a grooved pulley, round which a 
steel-rope is coiled one complete turn; one end of this rope carries 
counterweights and the other is attached to a piston working in a 
small cylinder. The position of the piston is controlled by the 
admission of water under pressure. ‘The gear for controlling the 
position of the friction-pulley is also worked by a water-cylinder. 
The water-pipe to the turbine is 5°85 inches diameter, while the 
pipes to the small cyfinders are only 0°78 inch diametor. The 
controlling-valves and pressure-gauges aro all in the cabin of the 
bridge- keeper. The apparatus can also be worked by hand-power 
if necessary, and in that case two men are required and the move- 
ment of the bridge is slower. The water used for the tarbine is 
77 gallons for cach rotation of the bridge in seventy-five seconds. 
The price of water at Ghent is 2°3d. per 1,000 wallons, so that each 
movement of opening and closing the bridge costs O°35d. The 
bridge opens about thirty times a day ; the expense for water is 
therefore about 10d. ‘Tho first cost of tho plant was £160, and 
the cost for maintenance has so far been almost nothing. = ‘The 
water passes through a grating to avoid any chance of solids 
entering the turbine. The locking-apparatus consists merely of 
four cams fixed on the ends of the bridge, which are enabled to 
mount inclined planes owing to the speed of movement; at the 
end of its course the bridge strikes a spring-stop and 1s held by a 
hook. The hook 1s lifted. on commencing a movement, and the 
springs assist the turbine to start the bridge. 


. KR. DD. 


The Inland Navigation of Spain. 
(Anales de la Construccion y de la Industria, Madrid, 1890, pp. 521, 057, 55.) 


River-navigation in Spain hag been much neglected; it is 
generally limited to the tidal wators near the coast, and thore arc 
only two navigable inland canals, the Canal of Castile and the In- 
perial Canal of Arragon. The first of these traverses the talle-land 
of Old Castile, 80 miles running N.E. from Valladolid to Alar del 
Rey at the foot of the Cantabrian mountains, and a branch of 
about 50 miles running due E. from Dueiias to Rio Seco. It is 
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expensively constructed, 50} feet wide at the surface, 40 feet at 
the water-level, and 19 feet 6 inches at the bottom; the depth of 
water is 6 feet 6 inches. The larger half of the works were 
executed towards the end of the eighteenth century at the cost of 
the State, but they remained unfinished and neglected until 1831, 
when they were taken over by a private company which completed 
them in 1849, under a Royal Concession, with seventy years to run 
from the latter date. 

The traffic consists chiefly of flour, corn, and coal, conveyed in 
barges of 35 tons burthen drawn by horses; and there are forty- 
nine locks, at which the average fall of water is 10 feet 10 inches, 
which also supply water-power to thirty flour-mills and fifteen 
other factories paying tribute to the Canal Company. Since the 
opening of the railways from Valladolid to Santander, and from 
Palencia to Leon, the average annual traffic has decreased from 
03,606 tons, during the quinquennial period 1875-1879, to 40,161 
tons in 1880-1884, and to 22,324 tons in 1885-1889; and the 
annual gross receipts have fallen from £5,766 to £4,377 and to 
£3,037 during the corresponding periods, less than half of which 
were derived from the navigation-tolls. 

The Imperial Canal of Arragon derives its water from the 
Ebro, and runs parallel to that river from Tudela to Saragossa, a 
distance of 53 miles, with an extension of about 3 miles below the 
Jatter city, and two short branches from Saragossa, together 
74 miles in length, named the Miraflores and the Burgo. Ori- 
ginally built by the State in the sixteenth century as an irrigation 
canal, without locks, and with an average fall of 1 in 200, it was 
enlarged between 1770 and 1790, and rendered navigable for 
vessels of 100 tons drawing 10 feet of water, but the strong 
current makes the ascent difficult from Saragossa to Tudela. 
Moreover, a railway has been built running parallel to it which 
carries Off the traftic from the canal, and its waters are now chiefly 
used for the irrigation of about 70,000 acres of land, and for 
supplying water-power to sixty-eight mills. For these services 
the State is sdtisfied with very low charges, and, although the 
cinal has cost the State altogether £800,000, the net revenue, in 
1888 from all sources, did not exceed £1,482. 

With the view of rendering the Ebro navigable from Saragossa 
to the Meditcrranean, extensive works of canalization were com- 
menced about forty years ago. It was soon found that this was a 
very formidable undertaking, and the portion between Saragossa 
and Escatron had to be abandoned; but after an expenditure of 
nearly £700,000 the canalization was considered to have been 
successfully completed from Escatron to the sea. Meanwhile, how- 
ever, the railways from Saragossa to Barcelona, and from Lerida 
to Tarragona had been built, and when in 1858, the navigation 
was formally inaugurated it was found that neither goods nor 
passengers presented themselves for conveyance. The steamers 
which had been provided had to be sold, and only a few small 
coasting vessels, and one small daily steamer ply now at the 
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mouth of the river below Tortosa. In 1889 this traffic was limited 
to 3,448 tons. 

Seville, on the River Guadalquiver, was a commercial port of 
great importance at the period when Spain was the chief colonial 
power in Europe; but during the eighteenth century the river was 
much neglected. It has many windings, the water is at all times 
very turbid (sometimes holding + per cont. of solid matter), and 
shallows were formed which ereatly interfered with the navi- 
vation. The chief bends in the river were at Torno do la Merlina 
( CLO, G00 metres in length), 'Torno del Borrego (17,600 motres), and 
los Jeronimos (18,000 metres), and by cutting straight channels 
respectively 600 metres, 1,600 metres, and 5, 500 metros in longth 
and 100 metres in width across these bends, the distance from 
Seville to the sea has been reduced by no less than 28 niles, and 
the minimmu depth of water, at low tide, increased from + feet to 
17 fect. In 1862 vessels of 200 tons could with difficulty roach 
Seville, whereas now vessels of 2,000 tons load and unload at the 
quays. When cutting these new channels it was found that 
retaining-walls built parallel with the stream were frequontly 
carried away by winter floods, bat the system having been adopted 
of projecting at short intervals transverse walls into the stroam a 
little below the water-level, these checked the current and caused 
such a deposition of the floating solid matter between them that. a 
perfectly sound channel has keen formed. ‘The last of these works 
was completed in 1889. It reduces the distance from Seville to the 
sea to 54 miles, and hes increased the rise of tide by 7 feet 6 inches 
since 1862. Between July Ist, 1888, and June 80th, 1889, tho 
exports by river amounted to 163,755 tons, and the imports to 
155,609 tons. The river is navigable for only a short distanco 
above Seville, and mill-dams which imtercept the stream preclude 
all navigation above Tocina. By a singularly fortunate disposition 
of some rocks at the mouth of the Gauadalquiver, the depth of 
water on the bar has reinained constant from time immemorial. 

On the same coast is the tidal estuary which gocseby the name 
of the Huelva river, and is formed by the junction of the Rio 
Tinto and the Odiel at about 4 miles below Iuelva, and 8 miles 
from the sea. The Rio Tinto Company and the Tharsis Company 
have built extensive quays on the Liver Odicl for loading their 
ores, and so also have the companies owning the railways from 
Seville and from Zafra. Another private qnay has also been built 
at San Juan del Puerto by the Buitron Mining Company. The 
exportation, chiefly of copper pyrites, exceeds 1,000,000 tons per 
annum. 

The River Guadiana which, as if nears the sea, becomes the 
frontier between Spain and Portugal, is navigable for large vesscls 
for 36 miles from the coast. On the Portuguese bank it has double 
the traffic which there is on the Spanish side, owing to the large 
shipments of copper pyrites from the well-known mines of Santo 
Domingo. From Spanish ports about 25,000 tons of Hos are 
annually exported in English vessels from the mines of Los Pastos 
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and Santa Catalina, besides which the coasting trade averages 
28,120 tons, and the exclusively river traffic (consisting of fish, 
building-stone, and flour) amounts to 13,300 tons. Vessels of 
1,000 tons reach the wharf of the Los Pastos mines, but the 
coasting vessels do not usually exceed 60 tons, although the 
minimum depth of water is 27 feet. No works have been con- 
structed of any kind to improve the conditions of the river and the 
upper portions of the river are not used for navigation. 

The Tagus is the next large river. It crosses Spain and Por- 
tngal from east to west, discharging its waters into the Atlantic at 
Lisbon. During the reign of Philip IT. it was sometimes utilized 
for the conveyance of war materials from Toledo to the frontiers 
of Portugal, and towing-paths and other minor works were executed 
under the direction of the notable engineer Antonelli, but these 
were subsequently neglected and gradually disappeared. In 1855 
some similar works were commenced, brt it was found that the 
conditions of the river made any useful navigation impossible. 
The stream forms a succession of broad open expanses with a fair 
depth of water alternating with narrow gorges and with rapids 
(of which there are nineteen between Toledo and Portugal), where 
the water is only 2 feet deep, and the current runs at the rate of 
from 5 to 9 miles an hour. At the bridge of Alcantara the waters 
rise frequently during floods to a height of from 35 to 65 feet, 
and sometimes even to 100 feet above their usual level, and, 
moreover, there are several mill-dams, solidly constructed across 
the stream, which interfere with the free navigation. ‘The popula- 
tion on the banks of the Tagus is scanty, and the river could only 
be rendered navigable at an cnormous expense. 

The conditions of the River Douro resemble those of the Tagus, 
to which its course is approximately parallel, although much 
further north; its mouth is also in Portugal, at Oporto. In many 
places strageling rocks interrupt the current, and in others 
shallows and numerous rapids intercept the navigation, so that 
the only trafic is conducted in a few boats which convey small 
quantities of wine to Oporto, and, with great labour, return with 
sardines and other fish. With the exception of one landing quay 
at Frejencda, where the River Agueda runs into the Douro, no 
works of any kind have been executed to improve the navigation. 

The lower part of the River Minho forms the boundary between 
the Spanish province of Gallicia and Portugal. he tide rises to 
a distance of about 21 miles, and here the river is navigable for 
fishing-boats averaging 12 tons burthen. ‘Timber is also floated 
down the river from forests in the interior, but no attempts have 
been made to better its conditions. 

Round the coasts of Gallicia, Asturias, and Santander, in the 
Bay of Biscay, there are a large number of minor rivers which 
support a limited traffic over a short distance from their mouths, 
and the Author enumerates and briefly describes the conditions of 
those of Vigo, Pontevedra, Arosa, Muros, Camarinas, Betanzos, 
Ares, Ferrol, Cedeira, Santa Marta, Vivero, Foz and Rivadeo in 
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Gallicia; of those of Navia, San Estevan de Pravia, Aviles, 
Villaviciosa and Rivadesella in Asturias; and of the Deva, Tina 
Menor, Santander, Cubas and Limpias in the province of Santander. 
They are mostly only navigable as far as the tide reaches, but at 
Vigo and Ferro] they form magnificent harbours, and the Royal 
Arsenal at Ferrol is the most important in Spain. It was visited 
by Mr. Pitt before the great war, and he remarked of it that it was 
worthy of being protected by walls of silver. At Aviles the 
river expands into an extensive back-water, and there being more 
than 15 feet of water at low tide over the bar, a splendid harbour 
might, and perhaps some day will, here be made. A large basin, 
137,000 square yards in extent, has recently been constructed, 
which is chiefly used for embarking coal from tho neighbouring 
mines, and it is probable that further works will soon be under- 
taken.® 

The only remaining giver which need be mentioned is the 
Nervion which forms the important harbour of Bilbao. Very ex- 
teusive works have here been constructed during theo last few yours 
in order to develop the trado of the port and the export of iron ore. 
River-walls which extend from the town to the mouth of the 
Nervion have narrowed and deepened the channel so that vessels 
with a draught of 20 feet can now discharge at tho quays of the 
town ; and the importance of the trade which has been created in a 
few years’ time is evidenced by the fact that in 1880 the imports 
umounted to 580,155 and the exports to 3,879,816 tons. 85 per 
cent. of the latter consisted of iron ore, mostly for the English 
market, while of the imports 369,047 tons were of coal. 

O. C. D. ht. 


The Protection of River-Banks. Dby G. Vicror Revy. 
(Wochenschrift des oesterr. Ingenieur- und Architekten-Vereines, 1890, p. 320.) 


This Paper refers to the works undertaken of late years for the 
safety and protection of the rivers Theiss and Bodrog, in I{ungary. 
On the former river the breaches of the bank are occasionally very 
considerable, and particularly while the floods are subsiding, for 
the upper loamy strata, previously saturated by the flood-waters, 
lose their cohesion and crumble away, while the more sandy strata 
at the foot are washed out by the low-water current, which also 
carries the fallen upper strata with it. The nature and design of 
the works necessary for strengthenirg the banks depend upon the 
character of the river and local considerations, and vary as the 
curves or bends are sharp or gentle in each case, or the banks are 
straight. Single or isolated spurs, extending far and deep into the 
river-bed are to be avoided, for though they may be strong 
enough to resist destruction by floods, they frequently cause 
damage in other parts of the river. Again, asdhe breaches of the 
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banks almost always take place downwards towards the foot, very 
strong and heavy works are not required at the top of the bank : 
all that is necessary is to secure them from attack in rear. 
The works lying below low-water level must be firmly secured in 
position, and at the points subject to attack the velocity of the 
current should be reduced so that a silting up may take place. 
The rivers Theiss and Bodrog are dissimilar in character, and 
therefore require different treatment. On the Theiss timber is 
mostly used, in the form of piles, branches of trees, brushwood 
wattles, &c., because these are cheapest, and only a small quantity 
of stone is employed as it is difficult to obtain. The works are 
begun at low-water level by driving in rows of piles till their 
tops reach that level, and between the piles tree-branches are laid 
on one another, with their brush ends towards the stream. On 
these are laid wattles and brushwood, weighted down as uniiormly 
us possible with stones until the lower layer reaches the bed, and 
thus the work is advanced until low-water level is reached, when 
the piles are connected by cross-stays, so as to form a compact 
whole. The part above low-water level is similarly treated, but 
the work is gradually h¢hter—that is, less compact—till it reaches 
the top of the bank, which is thon sloped and revetted. Works of 
this kind have been carricd out at six different points on the 
Theiss river, and are still in good condition. Of these, the 
following details are given of the works undertaken at Kenezlo 
and Csermely. After the great floods of 1884, the Theiss at 
Kenozlo bad so scoured away the bank in the sharp curve 
below a cut in the river as to threaten the embankment behind. 
The depth of water on the concave bank increased enormously, 
while the bed on the opposite side was silted up. On the 
subsidence of the floods, work was commenced by driving in 
piles from 26 to 30 feet long, with branches of trees laid 
between, as beforo mentioned. At the end of three years it 
was found that the former concave side had silted up, while the 
current lad forced a passage through the sand-banks previously 
formed on the opposite side. At Csermely the old bed of the river 
below the cut was not interfered with, and the banks of the cut 
were not attacked. ‘The flood consequently discharged freely 
through this cut till it reached the next bend of the river, where 
a whirlpool or eddy was formed which changed the direction of 
the current, and led it on to the opposite concave bank. The 
trees and branches brought down by the flood and deposited on 
the convex side, contracted the waterway and thus increased the 
velocity of the stream, and made the bend still greater. The 
effect of this scour is shown y the fact that in a distance of 130 
yards the river-depth was increased from 10 to 59 feet. For the 
security of the bank, piles from 1 to 1} foot in diameter, and 33 to 
52 feet long, were driven in four rows, 6} feet apart; and between 
these, as in the previous example, branches of trees and wattles 
were laid and weighted with stones. Altogether 620 piles and 
1,300 cubic yards of stone were employed. ‘The effect of this work, 
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as obtained by measurements taken in February 1890, is that the 
great depth of 59 feet has been reduced to 324 feet, thus showing 
that the bed had silted up 264 feet. Moreover, the obstruction 
previously caused by the accumulation of trees &e., on the 
opposite side, was entirely removed by the current. As regards 
the Bodrog the conditions are different, for the Theiss runs 
through sandy soil and frequently changes its course rapidly ina 
remarkably capricious manner, but in the Bodrog the stream 
moves on slowly and steadily without any perceptible change, us 
it cannot work through the firm loamy soil confining it; the 
protecting works have therefore remained unchanged for years. 
I‘or these works stone is mostly used as the quarries are near at 
hand, and as it is not necessary to go down deop into the river- 
bed, shorter piles suffice. here are nine points whers such masonry 
works have been constructed on the Bodrog, and these aro still in 
good condition. ‘Tha most important are at Szomotor and 
Szerdahely, where little or no change has taken place during the 
past eight years. A plate, with plan and cross-sections, showing 
the works constructed at Kenezlo and Csermely on the Theiss, 
and at Szomotor and Szerdahely on the Bodrog, accompanies the 
Paper. 


W.L. EK. 


The Blasting of the Tron Gates (River Danae). 
By J. J. VAN DEN WYNGAERTY. 


(Verhandlungen des Vereins zur Befirrderung des Gewerbfleisses, February, tsi, 
( 
pe 119.) 


On September 15, 1890, the first portion of this great work was 
inaugurated by Mr. Baross, the Hungarian Minister of Commerce, 
who attended in person to transmit the electricecurrent which 
caused a most successful explosion. ‘he Author shows that the 
importance of improving the waterway of the Lower Danube was 
recognized even by the Romans in the time of T'rajan, and the 
subject has since that period been constantly mooted ; but owing 
to the want of unity among the nations inhabiting either bank of 
the river, the works have been from various causes delayed or 
hindered, and it was not until after the Crimean War, at thc 
Congress of Paris, that the subject of the regulation of the Danube 
was discussed upon a basis likely to lead to a satisfactory con- 
clusion. The Author gives an accotnt of the various schemes which 
have from time to time been propounded for the improvement of 
the navigation, and he states that to Mr. Baross belongs the credit 
of the ultimate decision that has been arrived at, namely, to blast 
away channels in the rock, and to do without locks; the provision 
of which latter would have greatly impeded navigation, and would 
have entailed an expenditure of not less than 85,000,000 gulden 


£44 THE BLASTING OF THE IRON GATES (RIVER DANUBE) [Foreign 
(£7,083,333). The Author states that in the course of the next 
five years the following quantities of rockwork will have to be 


removed from the bed of the river :— 
Cubic Metres. 


AtStenka . . . . . es + + + ~~ 4,000 
» Ivlags Vachtalin 2... - . e+ 121,000 
eT | 4. en a rn a a 32,000 
» Lhe IronGate . . . . 2 +) e 246,000 


In addition to the above the rocks at Greben on the right bank 
of the stream, with a cubic content of 505,000 cubic metres, have to 
come away, making up a gross total of 1,360,000 cubic metres of 
rock to be got rid of. Assuming a uniform specific gravity for 
all the rock, the total weight of material is estimated at 4,365,000 
kilograms (aic)', or say 436,500 double truck-loads, which would 
roquire a period of three years and four and a half months to train 
away. Details are given of the pile-drivers, steam-dredgers and 
rock-drills mounted on tripods and on barges employed on the job. 
The works have been begun at three different places at once. ‘The 
obstruction caused to the flow of the river by the rocks, which jut 
out into the stream from the Servian territory for a distance of 
420 metres, occasion a whirlpool with a depth estimated at 50 
metres. Directly these rocks are passed, the river widens out into 
a veritable lake, with a width of 2,500 metres. Various improve- 
ments of the bed will have to be undertaken here, in regulating 
the stream, and it is intended to construct a dam with the 
excavated rock, and to support it with cross dams. The cost of 
the plant alone for these works is estimated at 24 millions gulden 
(£208,333). The Author concludes with a brief statement of the 
advantages to navigation and commerce of a waterway for large 
vessels through the heart of Europe, from Holland to the furthest 
confines of Austria. 

G. RR. 


Progress of the Works of Improvement tn the Bilbao River. 
(Anales de la Construccion y de la Industria, Madrid, 1890, pp. 21, 36 and 52.) 


In continuation of previous reports by the chief engineer, Mr. do 
Churruca,’ the Anales publishes an account of works subsequently 
executed at the expense of the local authorities. They consist 
chiefly in the completion of fhe river-side embankments. At 
every 7o metres on the right bank truncated cones have been 
built in masonry rising to above the highest level of spring-tides, 
and furnished with stout wrought-iron rings to which vessels in 
the river can secure their cables. The sea-wall at Portugalete, 


1 Milliers. 
? Minutes of’ Proceedings Inst. C.E., vol. xeviii. p. 431. 
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890 yards in length, has been completed with a parapet in 
masonry 10 feet in height, and the same in width, crowned with an 
ashlar cornice, which on the side of the sea is inclined outwards 
to throw off the waves which break against the wall. Covered 
sheds have been built for the receipt of merchandise, and several 
powerful steam-cranes have been erected. 'The dredging is now 
confined to the river-channel, in which it is estimated that 800,000 
cubic metres of sand and mud brought down by the rivey, or driven 
up by the tide, must be annually removed, at an avorage cost of 
6: 7d. per cubic metre. 

The important outside harbour has been commenced, the contract 
for the breakwater (1,500 yards in length) and approaches having 
been taken by Mr. Allard, at the price of £860,0U0; but the re- 
port published in the Anales only brings down tho account of the 
states’ of these works to the Ist July, 1889. They aro being 
executed with a large snbvention from the State; the Provincial 
Deputation contributes £102,800, and the 'Town Council of Bilbao 
£42,000, both sums payable in twenty annuities, and extra 
harbour dues of 2d. per ton are to be levied in aid of tho work, 
which will allow of money being raised by loan. Tho position 
of the breakwater was buoyed on the 21st September, 1888, and 
on the same afternoon the Ministers of Public Works and of 
Marine inaugurated the works with great solemnity, and launched 
the first stone (previously blessed by the church) into the sea. 

Large quarries have been opened by the contractors on the hill- 
side adjoining the breakwater, and along tho front of them they have 
Imilt a road, or terrace, 40 fect wide and 450 yards long with 
lines of rails connected by an ombankment 130 yards in length, and a 
bridge over tho Bilbao-Las Arenas Railway, with tho shore end 
of the breakwater at a height of 27 foet above low water. They 
have also provided three steam-barges, each of 300 tons, upon 
which the large blocks, which are to form the lower layers of the 
work, will be conveyed to their destination, and then lowered to 
their proper site. The foundation and the outer layers are to be 
built of large artificial blocks, the making of which has been 
also commenced. Within the breakwater there will be anchorage 
and shelter for the largest ships, the depth of water being from 
+0) to 50 feet; and it is noted, with satisfaction, that the ministers, 
who came from Madrid to inaugurate the harbour works, touk the 
same opportunity also to celebrate the commencement of the 
construction of the three large armour-clad war-ships which 
Messrs. Rivas and Sir Charles Palmer are now building in their 
docks at Bilbao, and of which the formidable armament is also to 
be supplied from the arsenal they lave erected on the spot. 

O. C.D. R. 
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The Bilbao Arsenal and the Launch of the Cruiser 


“ Maria-Teresa.” 
(Anales de la Construccion y de la Industria, Madrid, 1890, pp. 265-268.) 


In October, 1888, Messrs. Rivas and Sir Charles Palmer 
commenced the construction of the arsenal and dock at Bilbao, at 
which they have undertaken to build and equip for the Spanish 
Government, with Spanish materials and workmen, the three 
powerful iron-clad cruisers, ‘ Maria-Teresa,”’ ‘ Vizcaya,” and 
“ Oquendo,” the first of which was launched in the presence of the 
Queen Regent and her ministers on the 30th of August, 1890. The 
armament of each of these ships is to consist of :— ‘ 

Two 33-ton guns of 12-inch bore and 35 feet in length ; weight 
of projectile, 704 Ibs. ; weight of charge, 32 lbs., to pierce an iron 
plate 20 inches thick at 4,000 metres distance. These will be 
mounted in turrets at each end of the ship. 

Ten 14-centimetre guns, 17 feet long; eight Nordenfeldt rapid- 
firing guns, bore 5:7 centimetres; eight Hotchkiss revolving guns, 
bore 3:7 centimetres, two Gatlings, bore 11 millimetres, and 
eight tubes for projecting torpedos. These are all to be made on 
the spot, with the exception of the Nordenfeldts and the Gatlings, 
which are to be supplied from the gun factory at Plasencia. 

The buildings composing the establishment are very extensive, 
and cover a space of 52 acres. The dry dock, 376 feet long by 
82 wide, is encircled by piles formed of large cast-iron cylinders, 
weighted, when driven, with 100 tons, and filled up with scoria 
and cement. Around it the workshops are built, comprising in 
Separate compartments all the machinery which is required for 
building war ships. The artillery department is separated from 
the rest by a short distance. It consists of four galleries 275 feet 
in length, the two inner ones 50 feet, and the two outer galleries 
33 feet in width. ‘Two thousand four hundred men are employed 
on the works, of whom one hundred and sixty are English and the 
rest Spanish. The works are lighted by electricity. 

_ The building of the “ Maria-Teresa ” commenced on the 24th of 
July, 1889, and she is to be completed and armed by the 1st 
of December, 1891. 'The launch on the 30th of August, 1890, was 
witnessed by an enthusiastic crowd of fifty thousand persons, and 
it was effected without a single hitch. 

O.Cz.D:, Re 
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The Ports of Italy. By Domenico Lo Garro. 


(Il Politecnico, 1890, p. 217.) 


The ports of Italy, situated upon an almost tideless sea, differ 
essentially in all features of design and construction from all tidal 
ports, such as those on the Atlantic or the North Sea. In 
this respect nature has favoured the latter more than the shores 
of the Mediterranean. The ports of most world-wide renown, 
where commerce is most fully developed, are situated on river 
estuaries where the ebb and flow, in their natural course, or 
regulated by embankments and docks, ensure and maintain the 
existence of the navigable water-area by tho systematically 
repéated scour, and assist the progress of vessels entering or 
leaving the port or fleating into dry dock. With comparatively 
few exceptions, ocean ports are thus situated on estuaries, the river 
constituting the roadstecad or outer port, and the port itself com- 
prising a series of docks. Being sheltered from the direct effect 
of storms, the action of the waves is in most cases of little im- 
portance, and large breakwaters are unnecessary. 

In the Meditcrranean, where tho range of ordinary tides is only 
8 to 10 inches-——rarely exceeding 12 inches—where violent gales 
are frequently experienced, and where the bays are mostly ut 
shallow indentations and the rivors discharge through sandy deltas 
and shifting channels, with currents decreasing in force as they 
spread towards the sea, and thereby tending continually to silt up 
the waterway, the estuary port is practically impossible. Tho 
only places in Italy that can in any way be considered under 
this category are the canal ports, which aro all of very limited 
accommodation. 

The only currents in the Mediterranean which in any way affect 
the existence or maintenance of a port-—with the exceptions of 
Venice and Messina—are those occasionally produeed by any pre- 
vailing wind. The “littoral current” so often referred to is not 
sufficiently powerful to carry in susponsion any but the very finest 
matter. ‘che velocity of the current does not exceed 3 or 4 miles 
in 24 hours, and its average distance from the shore is three miles 
(increased to 6 miles near headlands and to ten or more across 
bays): while—following the law of river-flow— its velocity decreases 
both laterally and vertically, so that at a depth of 15 feet no 
motion whatever is perceptible. The essential agent in the for- 
mation of sandbanks and bars is the triturating and upheaving 
action of the waves upon the shelving shore; and it is therefore 
mainly with the waves that the designer of an Italian port has to 
deal. 

The usual formation adopted is to construct an “ outer port ”— 
where the waves spend their force—and an “inner port ”’ or 
harbour, with quays, docks, and other necessary structures. Many 
ancient ports—such as Genoa, Leghorn, Civitavecchia and Naples 
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as own up piecemeal, without systematic design: but 
cere shila Ttalian ports may be classified under three 
Eada V1Z. :— | 
1. Basin-ports or harbours. 
2. Dock-ports. 
3. Canal-ports. 


The majority come under the first category, being formed in 
natural or artificial basins—small bays being utilized as far as 
possible, and extended by masonry piers and breakwaters. Most 
of these harbours have only one entrance, and are protected by 
two piers; that to leeward (sottovento) being generally unimpor- 
tant, while that to windward (sopravento) is extended to cover the 
furthest point of prevailing winds which would affect the water 
up to the end of the leeward pier. There are, however, two 
notable examples of harbours with two mouths, viz., Leghorn and 
Civitavecchia, as well as Licata, in Sicily. At Salerno and Mol- 
fetta and other places the second mouth has been closed, and the 
same process is required at the other three places named. At the 
present day, when steamers and tugs have rendered the old wide 
harbour entrances unnecessary, the most important requirement is 
tranquillity of water inside the harbour, and for this purpose the 
old type of exposed port with two entrances may be considered as 
practically abandoned. 

Where there is not sufficient draught of water alongside the 
quays, or where space has to be especially economised, short piers 
or double-faced quays (ponti sporgentt) are built out at right 
angles with the shore. 

The type of dock-port is at present not frequent in Italy, the 
most notable examples being Savona and Leghorn. 

The canal-ports—which, as stated, are of very limited accom- 
modation, being suitable only for small coasting. vessels—are 
mostly on the Adriatic coast, viz.,; Magnavacea, Ravenna, Ceroia, 
Cesenatico, Rimini, Pesaro, Fano, Sinigaglia, and the five ports of 
the Venetian lagoon: Malamocco, Chioggia, Lido, Sant’ Erasmo, 
and Treporti. The only ports of this kind worth mention on the 
Tirrenian coast are Fiumicino and Viareggio. The channels at 
Malamocco and Lido (referred to later) are the only ones available 
for large vessels. Of the above mentioned ports, three are on 
artificial canals and the remainder on natural streams. ‘The type 
of construction is two parallel or slightly divergent piers extending 
to a sufficient depth of water for the draught of vessels to be pro- 
vided for. With the small range of tide, however, and sluggish 
streams, the solid matter broufsht down is continually silting up 
the mouths of these ports, and involves incessant dredging. At 
Pesaro the old channel having become entirely choked up, a new 
cut has been made. In two cases the scour is assisted by a large 
reservoir or basin at the inland extremity of the port, viz., at 
Cesenatico a acres) and at Magnavacca—where there is a fine 
natural catchment basin of 495 acres. 


Abstracts.) THE PORTS OF ITALY. 649 
Following this general description of the character of Italian 


ports, the author proceeds to a succinct description of the more 
important places. 


Savona : Natural bay with two small piers. Consists essentially 
of two docks, with extensive siding accommodation. Depth of 
water in outer port and in new dock—26 feet. 


Chiefly ex 
winds N. and E. ely exposed to 


Genoa: The chief port of Italy. A semi-circular bay with im- 
portant defence works of irregular plan, arising from successive 
development of the port. Depth of water at quays avorages 20 
to 23 feet. Length of quays available for large vessels—7,321 
yards ; ditto for smaller vessels—1,972 yards. When completed, the 
port will comprise 12,260 yards of quay accommodation. There 
is g complete system of sidings, connected with three stations ; 
also hydraulic installation comprising forty-two 14-ton travel- 
ling cranes, and threes fixed 10-ton cranes—the water compressed 
to 50 atmospheres by two 250-HP. engines and four accumulators. 
There are also steam and hand cranes, and ten pontoon-shears 
capable of lifting from 20 to 70 tons. The warehonso accommoia- 
tion is not yet fully developed, but is still in course of construction. 
The repairing arrangements are also being extended, the large dry 
docks having a length of 722 foet, breadth 82 feet, and depth 29 
feet. Up to the close of 1888 the amount expended on the various 
works was: 


ue 
Picrs, quays, and other scaworks  . . . . ee OT, 870, 000 
Sidings, cranes, gas, &e. 2 6 ee 37, O00 
Custom house, warchouses and buildings . . . G05, 800 ; 


about £500,000 being still required, bringing the total expenditure 
up to about £3,000,000. 

Leghorn is a harbour with two entrances and with docks. Tho 
anchorage being exposed, a long curved breakwater was con- 
structed some years back. The harbour was formerly very shal- 
low, but the southern end is now excavated to a depth of 29 to 33 
feet, decreasing to 23 feet at the northern end. (sood repairing 
accommodation, including dry dock 443 feet Jong and 24 feet 
3 inches deep. 

Civitavecchia, near the mouth of the Tiber, dates froin the time 
of Trajan. It is formed by a small bay with two piers, and on the 
north side a dock constructed in the year 1500. The mouth ts 
protected by a breakwater, giving an entrance at each end. 
The south channel only is available for large vessels, the northern 
entrance having only 18 feet of water. ‘here are neither avail- 
able quays nor repairing accom{nodation; but in view of the 
position of the port in relation to Rome it is probable considerable 
improvements will shortly be carried out. 

Naples': This port comprises two harbours, the military port 
and the commercial port, together with the outer roadstcad. ‘The 
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depth of water in the latter is from 40 to 100 feet; in the old 
commercial port 29 feet 6 inches to 16 feet 6 inches, and in the 
new commercial port, minimum 26 feet. 

Brindisi is an entirely natural harbour. The roadstead has been 
improved by the construction on the northern side of a causeway 
1,478 feet in length to the small island of 8. Andrea, and the 
extension of a breakwater 843 feet long from a spur of the same 
island. The outer port has an area of 536 acres of good anchorage, 
and there is a further fairly protected roadstead of 650 acres. The 
port is the principal point for Oriental traffic and passenger 
service. It is chiefly exposed towards the east. 

Bari has a small ancient harbour, facing east, and a large new 
port on the north side of the town exposed chiefly from N.W. to 
N.E., with extensive quays and having a depth of water varying 
from 33 feet to 20 feet. 

Ancona: Port entirely artificial, formed by two long piers con- 
nected at base hy quays. It is exposed to west winds, and the sea 
is frequently very rough, waves 6 feet high rolling into the har- 
hour. The water is shallow, only one-fifth of the area having a 
depth of 26 feet, a further two-fifths being 16 feet deep, and the 
remainder about 10 feet. Few large vessels, therefore, are able to 
moor near the quays, but considerable excavation is now in pro- 
gress. 

Venice, being protected from the sea by a long belt of land, has 
no need of defence works, and simply comprises anchorage, quays, 
and docks. The Canale della Giudecea, with a length of 1} mile, 
an average width of 1,000 feet, and a depth of water of 24 feet 
6 inches to 28 feet, is the chief roadstead, but there is not much quay 
accommodation for large vessels to moor close alongside. he dock- 
basin (stazione maritima) has an area of 2,300 feet by 623 feet, 
with a depth of 26 feet, and is well furnished with sidings and 
hydraulic cranes. The tidal range at Venice averages 2 feet 3 inches, 
but with the sciroceco the water has risen as high as 4°37 feet 
above the mear level, while under opposite conditions it has sunk 
to 4°82 feet. The duration of ebb tide is considerably less than 
that of the flow, and the velocity, therefore, much greater. No 
very reliable data are yet available on the subject, and there is 
considerable variation in the tide, but the approximate average 
velocity is nearly 5 feet per minute. The present channel through 
the lagoon to Malamocco, a distance of eight miles, has a width 
varying from 150 feet to 330 feet, and an average depth of 28 feet: 
but as the distance from Venice to the sea by this way is very 
inconvenient, extensive works are now being carried on at Lido.! 
These works will also absorb’ the ports at Sant’ Erasmo and 
Treporti into one channel, 3,280 feet in width, the depth of which 
is expected to become 28 feet by natural scour, and extending out 
to sea between piers 11,320 and 9,350 feet in length respectively. 

Messina (Sicily): An entirely natural port, formed by a deep 
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circular indentation of the coast with a narrow opening towards 
the north, and having a depth of 130 feet to 200 feet. At presont, 
however, there is not a great length of quays in sufficient depth 
for large vessels. The tidal effects are very irregular and peculiar, 
owing to the position of the port on the strait of the same name, 
connecting two distinct parts of the Mediterranean. Low tide in 
one corresponds nearly with high tide in the othor, and the effect 
at Messina depends chietly upon the wind, which causes one tide 
or the other to prevail. ‘The ebb tide lasts only 14 to 2 hours, 
sometimes even less ; the flow, therefore, generally 10 to 104 hours, 
while the range varies from only 2 inches to 13 inches. 

Catania: A much exposed port, in the gulf of the same name. 
It is enclosed by one pier, 3,600 feet in length, and has a depth of 
water varying from 26 feet to 50 feet. The port accommodation 
is not®yet much developed. 

Palermo is entirely artificial ; average depth, 23 feet. Formed 
hy two piers enclosing a long shallow bay. 

Trapani: A natural port, with one picr. Exposed partly to 
south winds. Depth of water, 23 feet to 80 feet ; anchorage, 900 
vards in length and average 530 yards wide; quays, 766 yards 
long, with depth 2+ feet 6 inches to 16 feet 6 inches, and further 
length of less depth. 

Girgenti (Porto Hmpedocle): Entirely artificial. Formed by 
two long curved piers, of which the windward is 3,480 foet long. 
Depth of water at entrance, 26 feet to 29 feet. No warchouses yet. 
constructed or quays in sufficient depth of water. 

Licata: An entirely artificial port, still in course of construction, 
but badly located, being rapidly silted up by a river closo to the 
harbour mouth. In the course of ten years, the depths of water in 
various parts of the harbour have been reduced 8 or 10 feet, and 
in one instance 15 feet. It 1s now proposed to close that one of 
the two entrances to the port which is nearest to the river. 

Cagliari (Sardinia): An entirely artificial port, not yot by any 
means completed, and still very much exposed. Average depth of 
water 24 feet 6 inches; 820 yards of quays with depth of 28 feet, 
and 380 yards with depth of 13 feet. 


The Author remarks, in conclusion, that while much has already 
been done, since Italy became a united kingdom, in the improve- 
ment of the ports, much remains to do to ensure the safety of the 
harbours and to develop the means of quick handling, storing, and 
transit of goods. The old harbour mouths are far too wide and 
exposed for modern requirements, the entrance to the inner port 
not requiring to exceed 165 feet in width. The development of 
italian ports is necessarily limited by the overstrained national 
finances, but the sum of £2,525,000 is at present allocated to the 
work by a vote of the Chambers in 1889. 


P.W. 2. 
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Notes on the Employment of Water under Pressure in founding 
the Quay- Walls of the Outer Harbour at Calais. 


By M. Baitty. 


(Compte Rendu des Travaux de la Société des Ingénieurs Civils, October, 1890, 
p. 582.) 


In the execution of the new harbour works at Calais, the 
foundations of the quay-walls for the outer harbour have been sunk 
by means of water injected under pressure, a method which has 
been attended with the most satisfactory results as regards economy 
and rapidity of execution, and which the Author believes to have 
been here introduced for the first time. 

The qnay-walls are founded in a very fine and movabld sand, 
easily loosened by water; and, after some preliminary trials, 
which proved that piles could easily be sunk by a jet of water 
directed beneath them, the experiment was extended to the 
sinking of great blocks of masonry built upon a timber curb. 
The experience gained in these further trials was so far reassuring 
that the system was then adopted on a large scale for the sinking 
of the quay foundations and also for the driving of piles and 
sheeting. 

The foundations are carried down to a depth of 8 to 11 metres 
below the present bottom of the basin, provision being made for 
the subsequent dredging of the outer harbour to allow vessels of 
the deepest draught to he alongside at low water. 

The quay is founded upon a series of square wells built of 
rubble masonry upon a curb or base of strong concrete. The 
outer surfaces of these square cells are vertical throughout, while 
the central shaft is octagonal in form and splayed outwards at the 
base, so that the walls come to a sort of cutting-edge, which, 
however, has a width of 1 metre, corresponding with the width of 
the concrcte.shoe. In general, the wells are 8 metres by 8 metres 
in outside dimensions, the octagonal shaft being + metres in 
diameter, and the wells are sunk side by side in the line of the 
quay wall, leaving spaces of 0°4 metre between them. In sinking 
the series of wells, the first, third, fifth, &c., are first got down, 
and then the intervening ones, and lastly the intervening spaces 
of 0O-+ metre are excavated by the water-jet and filled with 
concrete, which dovetails the whole series together by filling two 
pairs of grooves, which had been formed in the sides of the 
contiguous masonry wells. 

The process of sinking one of these wells is as follows :—The 
masonry cell is first built in sité to a height of 4 metres, and the 
well is sunk by injecting water under the cutting-edge by means 
of wrought-iron pipes carried down through the central shaft, and 
splayed outwards so as to direct the jet upon the sand beneath 
the cutting-edge. Thus loosened, the sand is brought up by a 
centrifugal pump,swhose suction-pipe descends in the centre of the 
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shaft, and draws sand and water from the hottom of tho conical 
cavity, which is gradually formed by the disengagement of the 
sand around its sides. The pumping-machinery for the sinking of 
the wells is mounted on wheeled trucks, which run upon a line 
parallel to the line of wells. For tho water-jets, four Tangye 
pumps are employed, and are supplied with steam from two small 
vertical boilers, while the centrifugal pump is driven by a separato 
portable engine and boiler. Tho wrought-iron pipes, by which 
the water-jets are delivered, are twelve in number, and aro divided 
into four groups, the three pipes of each group being connected 
with one of the Tangye pumps by flexible rubber tubes. The 
jets are so directed around the cutting-edge as to excavate the 
sand regularly and to correct any tondency of tho well to doviate 
from the vertical in sinking, and in general the deviations are 
almo8t insensible. 

Some difficulty was ag first expcrionced in the working of the 
centrifugal pump, owing to the settlement of the sand in sus- 
pension in the suction-pipe, which tended to choke the valve at 
the foot of the pipe whenever the pumping was temporarily 
stopped. This was remedied, however, by attaching to tho valve- 
box one of the wrought-iron pipes through which a jet of water 
was at such times delivered into the valve-hox just abovo the 

ralve, and by means of the circulation of a continuous stream of 
water the deposit of the sand was prevented. 

On the average the sinking of a woll to a depth of £ to 44 motres 
was accomplished in twelve to fourteen hours, which is equivalent 
to about 20 cubic metres of excavation per hour. 

When the well had been sunk to a depth of - metres, bringing 
its top to the level of the ground, tho masonry was carried up for 
a further height of + metres, and the operation of sinking was 
then resumed. 

In a bed of clay the operation is more difficult and much more 
tedious ; but the system was successfully employed to sink through 
beds of about 1 metre in thickness. It was also applied to the 
sinking of wells of smaller dimensions, 44 metros by +4 metres 
and + metres by 4 metres. In these cases tho rato of sinking in 
sand was much faster, and it became more difficult to prevent the 
well from deviating from its true position. 


T. C.F. 
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On the Prevailing Winds and Silting-Action in Sea and 
Lagoon at Venice. By Davive Bocct. 


(Annali della Societa degli Ingegneri e degli Architetti italiani, 1890, pp. 119, 203.) 


The Author premises that his observations are founded especially 
on studies on the Brenta, Bacchiglione, Gorzone, Sile, and other 
rivers of this part of Italy. The first portion of the memoir com- 
prises a summary of general considerations and hydraulic formulas. 
The second portion refers to winds and currents. 

On the Venetian coast the N.E. wind prevails for six months in 
the year, and this is also the quarter of the most violent gales. 
The prevailing winds produce not only waves but temporary cur- 
rents; and although the littoral current passes sluggishly‘along 
the coast at a distance of 2 or 3 miles, its effect is often locally 
diverted by the wind, as well as by mingling with flood waters 
from the Po delta. During the prevalence of N.E. winds the water 
level in the lagoon from Brondolo to Le Tresse—the inlet of the 
land drainage—is frequently raised. This is very apparent at 
tho sluices at Brondolo, where, when the gates are open, the water 
flows from the river to the lagoon except when strong N.E. winds 
reverse the current. The force and direction of the prevailing 
wind in times of river-flood materially affect the extent of solid 
matter deposited on the shore. Carrying much heavier matter in 
suspension, the river-current impinging on the littoral current, 
when the latter is sufficiently backed by a N.I. wind, is checked 
and deflected. The silting naturally takes place firstly on the 
leeward side; but the relative and varying force of the two 
currents constantly affects and determines the direction and depth 
of the channel. At Chioggia, where the current from the lagoon 
counterhalances that from the Brenta, the shore-line remains prac- 
tically unchanged ; but from this point to Ca Manfrin and Fosson 
the land is gxtending at varying rates, attaining at the latter 
point its maximum average advance of 43 feet per annum. The 
advance is apparently proceeding now at a more rapid rate than 
formerly. The deltas of the Po, the Adige, and the Brenta and 
Bacchiglione are all closely adjacent and almost coterminous ; in 
fact, the silting action of the former may be said to absorb the 
effect of the smaller rivers, and certainly no improvement of these 
can be permanently effective without regulation of the channels 
of the Po. The varying direction of the coast line with respect 
to the prevailing wind is obviously a material point in studying 
the progress of marine silting. From the mouth of the Piave to 
Punta della Maistra, a distance of 50 miles, the Venetian shore 
forms a semi-ellipse, the northern portion of which, from the 
Piave to Lido, lies nearly parallel with the prevailing winds; the 
middle portion, from Lido to Chioggia, at an approximate angle of 
45°; while along the southern end the same wind blows straight 
towards shore. Under the effect of this wind the maximum 
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deposits of suspended matter naturally strike this portion of the 
coast, and it is precisely along this southern end of the Vonetian 
shore that the rivers have thcir outlets. ‘The Brenta and Bacchi- 
ghone now discharge their waters by one united channel into the 
open sea,! after undergoing many alterations. The Author relates 
very fully the history. of the former and the opinions of hydraulic 
experts in past times as to the effect of the outlet of the river into 
the lagoon. In the earliest historical times the Brenta discharged 
its waters into tho lagoon at Venice; but so seriously did ‘the 
alluvial deposits threaten the existonce of the port that at various 
times from the-14th contury onwards it was diverted successively 
to the lagoon of Malamocco, to Cliogeta, to Brondolo, and finally : 
about 1565, to the open sea. About fifty yours ago it was decided 
to connect the river once more with the lagoon near Chioggia ; but 
the recent nnprovement works above referred to havo restored tho 
outlet to the sea. Floweng into the lagoon through a network of 
channels, continually shifting and silting up, the river curront, 

freed from the greater part of its alluvial matter by tho time it 
reached the main outlet from the lavoon to the sea, materially 
assisted the scour and improved the main channel ; but at the latter 
stage, when the alluvial matter had reached to within a short dis- 
tance of this ontlet, the beneficial effect was reversed, and the 
current becoming more sluggish began to silt up the main channel 
also. But for this deposit, ‘the tendonc y of the tidal scour would 
be to constantly deepen the lagoon. In early times tho port of 
San Nicolo del Lido was available for the largest vessels of the 
Venetian floet, but in spite of all efforts the channel gradually 
silted up to such an extent that in. 1540 1t was too shallow for even 
a gondola. After the exclusion of the Brenta from tho lagoons 
the scour gradually inereased the channel again to its former 


depth.” 
Pp. W. B. 


The liatlhivays of Mexico. 


(Transactions of the American Society of Civil Engineers, vol. xxiii. 1890, 
p. 285.) 


In Vol. xxii. of the American Society’s Transactions a Paper was 
published on the railways of Mexico, by Mr. W. Barclay Parsons, 
in the course of which it was stated that gradients of 4 per cent. 
(1 in 25) occur on the Mexican Central Brancli from Tampico, to 
Aguas Callientes. Mr. Max E. Schmidt, M. Am. Soc. C.E., cor- 
rected this in the discussion. The ruling gradients are 1°5 por 
cent. (1 in 66°6) except on the two mountain divisions of 27 miles 
and 5 miles respectively, where the maximum inclines are 3 per 


1 Minutes of Proreedings Inst. C.E., vol. x@ix. p. 429. 
2 Ibid, vol. ¢. p. 189. 
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cent. (1 in 33-3), and all the gradients are compensated for curves 
in conformity with a Table which is now printed. On the other 
hand, it was stated in the Paper that 4 per cent. (1 in 25) is the 
maximum incline on the railway from Vera Cruz to Mexico (“the 
Mexican Railway”), whereas this is correct only as far as the 
tangents are concerned, for the absence of all compensation on 
the curves virtually increases the maximum to nearly 5 per cent. 
Mr. Schmidt proceeded to comment unfavourably on the latter 
railway company having recently placed Fairlie engines, weighing 
over 90 tons, to run upon these steep inclines. In his opinion it 
would have been preferable to have added a centre -rack-rail on the 
heavy gradients of the mountain divisions, and to have substituted 
Abt engines which at 63 tons service-weight develop a tractive 
power of 27,500 pounds, for the ponderous weight of the Pain 
cnginos is against them under the best of circumstances. An Abt 
engine, he said, on a track supplementel by a third rail, would 
haul 280 tons of gross train-load on 4 per cent. non-compensated 
gradients, and at a speed of 19 miles per hour. 

Mr. Barclay Parsons accepted the correction as to the gradients 
on the Tampico branch of the Mexican Central, but did not think 
it by any means clear that the introduction of Abt engines on 
+ per cent. gradients would be economical. As chief engineer of 
w system of lumber railways which he is constructing in the 
Allegheny Mountains of Northern Pennsylvania, he uses gradients 
frequently of 34 per cent., and at times up to and over 4 per cent. 
‘he power he uses is a Shay engine,! with three vertical cylinders 
driving a horizontal shaft which is geared to all the wheels, tender 
included. Tis shaft is jointed so that the longest rigid wheel- 
base is 56 inches. Such an engine uses the whole weight for 
adhesion, and at a ratio of | with a weight of 60 tons would 
dovelop 30,000 pounds of tractive power. 


O. C. D. R. 


Railways in Construction tn Spacn. 
(Anaes de ta Construccion y de la Industria, Madrid, 1890, pp. 220, 246, 254.) 


The works on the railway from Murcia to Granada are being 
continued with great activity, and locomotives already run over 
some portion of the line at the Lorca end. The tunnel under the 
pass at Hlijate has been commenced, and the passage of the gorges 
near the station at Gor, which involves some important viaducts, one 
of which consists of several spans exceeding 100 yards in length, 
is advancing towards completion. Between Gor and Granada the 
nature of the ground involves many difficult and expensive works, 
among which are tunnels at Guadix, Las Animas, and between 





' Minutes of Proecedings Inst. C.E., vol. cii. p. 386. 
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Moreda and Iznalloz, and also the bridge over tho rivor Fardes, 
which is a noteworthy work owing to its length. 

The direction of the railway from Linares to the Port of Almeria 
has been materially modified, and its length thereby roduced from 
192 to 150 miles. Starting from Linares, tho now line reaches the 
river Guadalquiver at Torre Blascopedro, then continues up that 
river to Baeza and Ubeda; it then bears off to the south, crossing 
the rivers Bedmar and Jandulilla, and a few miles further on the 
rivers Salado and Guadiana, which last it follows for several milos. 
At kilometre 89 it reaches Chilla, and at kilometre 100 the station 
of Manzano. From this point it runs due south, past the Baths of 
Alicin de Ortega into the province of Granada, and for a distance 
of about 14 miles runs parallel with the lino from Murcia to 
Granada. Guadix is reached at kilometre 140 (875 miles from 
Linafos), Huejena at kilometre 160, Benahadux at kilometre 228, 
and finally Almeria at kglometre 240. 

On the railway from Jativa to Alcoy the works were being rapidly 
procecded with. The most important are the bridges over tho 
rivers Albaida, Las Estacas, Molinar, Torralva, Rafalgani, Mallols, 
Algar and Bufali. ‘Those over the Albaida and Las Kstacas have 
been completed, and the others are far advanced. ‘The tunnels 
Nos. 2, 6, 7 and 8, had been completed, and No. 1 would be so 
shortly. The railway was expected to be opened to traffic in theo 
course of the year. 


O. C.D. Rh. 


Construction and Muintenance of Track. 


By J. A. HALL, M. Am. Soe. C.E. 


(Transactions of the American Society of Civil Engineers, vol. xxiii, 1890, 
]: JU.) e 


This Paper contains an account of the points which demand 
attention in connection with tho subject of railway track. ‘Thus, 
while laying down practical rules for the preservation of a 
good road-bed, the writer gives suggestions and advice respecting 
the drainage of wet cuttings, the location of culverts under 
embankments, &c. When selecting timber for sleepers, le would 
prefer white oak, post oak, or chestnut oak, or, if pine must 
be used, a good long-leaf pine will last two or three years longer 
than ordinary pine; and above all, pine which has been bled for the 
resin should be carefully avoided, as it rots all over, and will often 
on the outside have the appearance of being sound while so rotten 
within as not to be able to hold a spike. Hewn sleepers will last 
one-third longer than sawn, but they should be of uniform 
thickness. They should be cut when the sap is down—preferably 
from the middle of December to the middle of February—and be 
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allowed to season under shelter for at least one year before being 
laid down. Creasoting is the only satisfactory chemical process, 
and only open-grained and seasoned wood can be successfully 
treated. 

“Servis” tie-plates, curved safety-spikes, bolts with nut-locks, 
rail-braces for sharp curves, level crossings, barbed wire fences, 
switches and frogs, surface cattle guards across the whole width of 
the line, and the “Fisher” bridge-joint are among the special 
appliances recommended and shown in the text by illustrations. 
With regard to the shape of rails, he enumerates, illustrates, and 
unhesitatingly endorses the recommendations of the rail-section 
of the American Society of Civil Engineers. The square-jointed 
rail gives more or less of an opening for the wheels to drop into, 
while the “ mitered” rail, with angles of from 45 to 60 degrees, 
obviates this to a great extent, but on the other hand offers less 
springiness to the sledge-hammer blows of the passing wheel, and 
the writer explains at some length the reasons for his opinion that 
no absolutely satisfactory joint has yet been found. Great care 
should be taken so to handle the rails as not to bend or kink them. 
As a general rule when locating a railway, he says, “Follow that 
route which affords the easiest possible gradients for the longest 
possible distances, and then pass over the intervening distances 
with such gradients as are found necessary.” Much unnecessary 
expense would be saved in railway construction by employing the 
very best engincers that can be obtained, and they should be well 
equipped and have plenty of time to do their work. <A great 
mistake is made by the employment of incompetent engineers, and 
money spent in engineering is always money well spent; the 
location of a line should never be hurried. 

Advice is given as to the selection and packing of ballast, the 
proper way of laying the curves, the maintenance of the track, the 
renewal of sleepers, precautions against rain and snow, &c., and 
the Paper concludes with some practical suggestions for the 
encouragement of efficient inspection and of a high standard of 
excellence in the performance of first-class work by all classes of 
workers, from the chief engineer to the lowest grade of labourer. 


O. C. D. R. 


Lhe Manitou and Pike's Peak Railway. By F. HW. Hastryes. 
(Scientific American, New York, January 24, 1891, p. 47.) 


On the summit of Pike’s Peak in the Rocky Mountains, at an 
elevation of 14,115 feet above the level of the sea, the United 
States Government has established an Observatory at a distance of 
about 9 miles from the Station of Manitou, on the Pacific Rail- 
way, which is at 7,552 feet lower level. 


A railway to connect these two points has now been constructed 
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and was opened to traffic in October, 1890, although it is only 
intended to run regular trains during the summer season. In 
order to overcome the steep gradient, ‘which averages Lin 6} (16 
per cent.) throughout the whole distance, w vack-rail is laid in the 
centre between two tee-rails (weighing 40 Ibs. to the yard), and the 
road is worked on the Abt cog-wheel system. The rack-rail con- 
sists of two continuous Bessomer steel rails made up of parallel 
bars, set 12 inch apart, each containing seventeen teeth, or cogs, 
in their length of 80 inches, and held in position by means of dio- 
forged steel chairs, secured to the sleepers by w ood-serews. ‘Tho 
parallel bars vary in woight from 21 to 314 pounds per foot, the 
heavier bars being used on the steeper portions of the incline. 

In order to prevent the track from sliding downwards on the 
passing of the trains a,very thorongh system of anchorage has 
been’ adopted, one hundred and forty-six anchors being used var y- 
ing in distance one from another according to the steopness of the 
incline, from 200 to 600 feet. Some of these consist of steol straps, 
secured at the lower end to the chairs, and at tho upper end to a 
strong pin 2 feet long and 24 inches in diameter, which is leaded 
into the solid rock under the road; bunt whore ‘there is no rock 
available, a steel bar is fixed to the lowor side of the cross sleeper, 
and held in its place by means of a piece of stout oak timber, 
which is carried downward at a steeper incline than that of the 

road until it thrusts against rock, or against another block of oak 
Gisier 

Hach engine is of 200 TLP., weighs 26 tons, and is capablo of 
drawing or pushing two carriages up the incline. In descending, 
the cylinders of the ongine are used ay air-compressors, a stroum 
of water being kept running into thom continually to keep them 
from heating. By controlling this compressed air, the specd of 
the train is “regulated. The engines are built to stand level on a 
16 per cent. incline; there are three sets of doublo pinion brakes 
wn each engine; the two back sets furnish most of the power for 
ascending, while the forward set are principally eused to apply 
brake power. ‘The two front sets of pinions have a peculiar 
steam-brake connection which locks them instantly, and the back 
pinion has a hand brake connection which is capable of stopping 
the whole train in a few seconds’ time on the heaviest incline. 

The carriages are handsomely fitted with the sides and ends as 
far as possible of glass so as to allow of the scenery being 
observed. The seats are constructed so as to be level when on the 
16 per cent. incline. The trip from Manitou to the summit 
occupies an hour and forty-five minutes, the trip down half-an- 
hour less. The maximum speed ise8 miles, the minimum 3 miles 
an hour. The cost of constructing the entire road was about 


£100,000. 
O. C.D. li. 
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Railway from Reichenhall to Berchtesgaden. 
Ly Gustav EpeERMAYER. 
(Zeitschrift des Architekten und Ingenieur-Vereins zu Hannover, 1890, p. 381.) 


This line was opened for traffic in the autumn of 1889, and was 
constructed as regards details in accordance with the practice 
followed generally throughout Bavaria for local railways. The 
district passed through is one which, on account of the mountain 
scenery and of the saline baths at Berchtesgaden, attracts each 
season a large number of tourists, and it is probable that the line 
would have been made much earlier had not the question of the 
largo outlay required proved a barrier. 

In 1867 there was a project for connecting Berchtesgaden with 
the main railway system by following the-valley high road, by the 
Salzach to Salzburg, but the consequent entry into Austrian 
territory, and the Customs complications which would have arisen 
therefrom, led to its abandonment in favour of the only alternative 
route, viz., by making a connection with Reichenhall, the coursc 
of the latter, however, being through a very mountainous district. 
The amount then estimated to be required for its construction was 
£402,850, or about £32,410 per mile, the length being about 12°43 
miles. This amount was, however, deemed so considerable, that 
the idea was abandoned and not revived until nearly twenty years 
later. Various projects of about the year 1884 are described by 
the Author, but it was not until 1886 that the line as constructed 
was definitely decided upon. The question of gauge and also of 
the use of a rack rail upon the steepest portions occupied con- 
siderable attention, but eventually the normal gauge of 4 feet 
84 inches was adopted, and laid in the ordinary manner as an 
adhesion railway. 

A very detailed account is given of the construction of the line, 
which is about 11} miles long. The minimum radius adopted wag 
590 feet, but this is only at one or two exceptional points, the 
minimuin elsewhere being 656 feet, and the least length of straight 
between the reverse curves is 98 feet. The longitudinal section, 
of which a diagram accompanies the Paper, shows by a dotted line 
the grades originally contemplated, when it was proposed to use a 
rack rail, and by full lines the grades of the line as constructed. 
It is divided into three main inclines, viz., a length of 1:05 mile, 
between Reichenhall and Kirchberg of, for the most part, 1in 100 ; 
a length of 3°54 miles, from Kirchberg to Hallthurm of 1 in 25; 
with the exception of a short piece of level for the station of 
Gmain and a short length of 1 in 28°57, and a length of 7°15 miles 
_ between Hallthurm and Berchtesgaden, with a ruling gradient of 
1in 50. The geological formation of the district is described. The 
rocks near the Reichenhall end are principally of mountain lime- 
stone, and at the ‘Tristramberg of clay, so insecure as to necessitate 
a tunnel of 544 yards long, in place of open cutting; cross-section 


~ 
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diagrams are given of the formation in cutting and embankment. 
The amount of excavation was 307,380 cubic yards, of whicha 
sixth part was rock. The course of the lino in relation to the 
public highway and steamways is described throughout; in many 
places the stream being diverted to give room for tho railway. ! For 
the bridges the use of ashlar was as far as possible avoided, and 
either carefully set rubble adopted for their construction or Portland 
cement concrete, the latter also being used for the bed-stones of the 
girder bridges, and for the voussoirs of arches up to 13 feet in span. 
Descriptions and diagrams are given of the principal bridges, but. 
there are none of inuch importance, as the spans in no case exceed 
+0 feet. 

The ballast required for the permanent way was on an average 
1°196 cubic yard per lineal yard, and cost Is. 8d. per cubic yard. 
On “he steepest incline, viz., between 1°73 and 7°35 kilometres, or 
a length of 34 miles, jron cross-sleepers wore used and steel rails. 
The weight per lineal yard of permanent way, including the iron 
sleepers, was 2574 Jbs., and the cost of the ready laid track was 
18s, 3d. per lineal yard. On the rest of tho line timber sleepers 
were used, the cost thereby being reduced to 138. 84d. per lineal 
yard. The elevation of the outer rail of tho curves was calculated 
for a speed of 124 miles per hour, but in actual practice the speed 
during the descent of the inclines is from 6} to 74 miles per hour, 
and is forbidden to exceed 9} miles per hour. 

The locomotives are fitted with automatic speed indicators, and as 
an additional check upon the incline between Kirchberg and Iall- 
thurm there are electrical contact makers affixed to the rails at 
every 546 yards, which are connected by wires with a registering 
clock at the Reichenhall station, so that the speed at which the 
trains are run on the incline can be ascertained ut any time. 
Descriptions and diagrams are given of the various station-yard. 
arrangements and of the buildings. ‘There are on the new fare 
commencing from the junction with the main lino at Reichenhall, 
stations or stopping places at Kirchberg, Gmain, Hallthurm (the 
summit), Bischofswiese, Gmundbruecke and Berchtesgaden, thie 
latter terminal station being the iost important as regards the 
buildings and general arrangements. 

Of the foregoing Gmain and Gmundbruecke are mere stopping 


points. The cost of the buildings and station arrangements was 
as follows, viz.:— 


£ 
At Kirehberg 2.0.0.0. 1 8 ee we 0108 


~ dinlithuriit. « 2 -« & & @ 4 S * 140 / 
» Bischofswiese . 2... ge S&S 800 
» Berchtesgaden ee Re ge re wae, - STE 


Electrical communication between the stations is by telephone 
only, as is usual on all the Bavarian local lines. 

As regards the rolling stock there are in service at the present 
time three tender-locomotives, with three pairs of coupled wheels 
and one pair of bogie wheels, each weighig 43 tons; there are 
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ten passenger carriages of second and third class ; two full-glazed, 
‘* prospect > saloon cars for tourist traffic in the simmer season, 
three goods-wagons and two service wagons for postal service, &c. 
The Westinghouse brake is used. The total cost of the rolling- 
stock was about £10,000. The cost of each locomotive was £1,700, 
“ prospect” car £450, passenger carriage £270, service-wagon £225, 
and goods-wagon £200. 

The construction of the line, which is 11-68 miles (18°81 kilo- 
metres) in length, between the centres of the end stations at 
Reichenhall and Berchtesgaden, or altogether about 112 miles 
(19 kilometres), was commenced in July 1887, and it was in a 
sufficiently advanced condition to be opened (provisionally at first) 
for traffic on October 25th, 1888. 

The various items of construction and their cost are given, 
the total amount being £72,000, or about £6,114 per mile. 


Landquart and Davos Narvrow-Gauge Railway. By — Jouner. 
(Schweizerische Bauzeitung, 1890, p. 51.) 


As early as 1874, when Davos-Platz was beginning to gain a 
reputation as a sanatoriuin, a normal gauge line was projected to 
connect it with the main line, by way of the Prttigau, the 
maximum grade being not steeper than 1 in 25 and the curves of 
not less than 9 chains radius. ‘The estimated cost for this project, 
however, amounted to £500,000, or about twice the sum upon 
which the probable traffic would suffice to yield a fair return, 
whereupon the idea for the time being was abandoned. 

The increasing need for some better means of communication 
with Davos-Platz, and also the possibility of a rival line being 
constructed rid Chur Thusis and Filisur, whereby the traffic would 
be permanently diverted from the Prattigan Valley, led to the 
granting in 1886 by the local authorities of Davos and the latter 
district of a subvention for a narrow-gauge line, the terms of 
which were a grant of £20,000 cash, the expropriation of the 
requisite land, the assignment of the necessary sand, gravel and 
stone, and the provision of the timber required in the construction 
of the railway. ‘The studies were commenced in the autumn of 
1887. ‘lhe general course of the line from its junction with the 
main line at Landquart, and after leaving the valley of the St. 
Gall Rhine, is through the Klus gorge, following the Prattigau 
valley as far as Klosters, where it turns into the Stuetzalpbach 
valley to Davos Culm Pass, and thence, following the left shore of 
the Davos Lake, reaches its termination at Davos-Platz. The 
height above sea-level of the line at Landquart is about 1,722 feet ; 
at the Davos-Culm summit, it is 5,358 feet, and at Davos-Platz 
about 5,052 feet. It*was originally proposed to adopt a rack rail 
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line, with a grade of 1 in 10, between Klosters and the summit, but 
after a careful enquiry it was decided to make the railway an 
adhesive one throughout, the requisite extra length for the less 
steep grade being gained by zigzags along the mountain slopes 
opposite Klosters. The distance from the commencement to 
the summit is about 271 miles, and to the terminus at Davos- 
Platz about 31} miles, the maximum gerade being 1 in 28:7, 
which extends over a continuous length of 54 miles. Tho 
geological formation of the district is described, and also the courso 
of the line, which was such as to necessitate heavy works. The 
snow throughout the winter does not often exceed 2} feet in 
depth, but in laying out the line this snow-fall was kept in view, 
and cuttings consequently avoided wherever possible. The gaugo 
originally contemplated was 2 feet 5$ inches, but that actually 
ad@pted was 3 feet 34 inches (1 metre), with curves of a minimum 
radius of 328 feet ang intervening straights of at least 98 feet. 
6 inches in length. 
The estimated expense of the line was as follows, viz. :— 


£ 
Provision of capital 2... 2. we. 16,000 
HNngincering and superintendence . 20... 9, G00 
Land. 9,200 


Earthwork, retaining-walls, tunnels, bridves,| yo. , 
* 7 ‘ 138 , 040 

works, river-works, und ballast we! ty 
Permanent way 6. eee eee LO SO 
Station buildings, Ge. 2.) wee 8, EO 
Mechanical appliances-——viz.,  crancs, ay 


: 3,720 
— CMechanische Ausruestung) © 6 6 ee ug 
Gites, fencing, and signals Ge ee, Sees pe 4+,600 
Items in connection with working of traffic — . 1.080 


Rolling-stock Cte ee lee oO ere ch WD 
Interest during coustruction. 6. wee A, O00 
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L280 ,000 


The traffic it was estimated would amount to £28,000 annually 
The actual works were commenced in the summer of 1888; the 
first section was opened in 188%, and the entire length in July 
1890. 

A number of cross-section diagrams are given showing the line 
where passing through the glacial moraine, rock, &c.; also of the 
protective stone-work where the line abuts upon stream-courses, 
and of the dry walling supporting the formation, in place of the 
natural slope, upon steep mountain slopes; cross sections are also 
given of the masonry retaining-walJs and of the two forms of tunnels 
where piercing the moraine and the rock, which latter have a 
clear internal width of 11 feet 10 inches at rail-level, and a height 
of 15 feet 1 inch from the rail to the soffit. Sketches are also 
given of the principal bridges. 


' In construction, this combination of items, included under the head of 
** Unterbau,” amounted to £158,980 (3,974,500 francs). 
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The permanent way is formed by steel rails of the Vignoles type, 
ve to oak cross sleepers 2 feet 74 inches apart. ‘The weight of 
the rails is 474 lbs. per yard, the depth being 4} inches and 
breadth of head 2 inches, rolled in 32-foot 10-inch lengths, and 
the road is laid on a 1 foot 4 inches thickness of ballast. 

Diagrams are given of the type of station buildings (chalet 
order) and of the station yards arrangement; also of the rolling- 
stock, including plans, sections and elevations of locomotives, 
carriages and wagons. Full particulars are given of the 
locomotives which have outside cylinders and three pairs of 
coupled wheels, with a wheel-base of 8 feet 24 inches exclusive 
of a single-pair bogie, and a weight of 23 tons when empty and 
29 tons when in running order. 

The traffic receipts are given for each month since the line was 
opened, up to July 1890. , 

D. G. 


The Ventilution of Twrnels. By N. W. Eayrs, M. Am. Soc. CE. 


(Transactions of the American Society of Civil Engineers, vol. xxiii, 1890, 
p- 288 (2 plates).) 


This Paper deals with the methods of ventilation adopted on 
railways in the United States, and particularly describes those 
employed on the Hoosac tunnel, which is ventilated entirely by a 
natural current of air through a central shaft, and on the St. 
Louis tunnel, which is ventilated mechanically by means of a 
central fan, with both of which the writer was connected as 
engineer. Some reference is also made to the conditions of ven- 
tilation of some of the principal European tunnels. 

The Hoosac tunnel is about 43 miles long and perfectly straight 
from end to end. ‘The two extremities are at the same elevation 
of 769 feet above the sea-level, but from each end to the central 
shaft there is a rising gradient of 26-4 feet to the mile (1 in 200). 
The shaft is elliptical in shape, 27 feet x 15 feet and 1,028 feet 
deep from the ground surface to the floor of the tunnel. When this 
was first opened for traffic with only a single line of rails, timber 
shields were placed at the foot of the shaft to protect the passing 
trains from the danger of stones becoming dislodged from the sides 
and falling on the line, but when in 1882 the increased traftic 
required a second line of rails to be laid, and it became necessary 
to protect that also, the ventilation of the tunnel would have been 
seriously affected by the use of additional shields, and the plan 
was adopted of closing the tunnel at the bottom of the shaft and 
building two spiral ventilating galleries 15 feet in diameter, 
starting at right-angles to the line of railway from opposite points 
in the tunnel each 42 feet from the centre, and winding up toa 
height of 70 feet before entering the main shaft. The combined 
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area of the two galleries being larger than that of the shaft, 
they maintained the ventilation of the tunnel as it was before, 
and neither the abrupt turn at right-angles from the line of the 
tunnel nor the spiral form of the rising tubes have proved any 
obstacle to the air-curront, fifteen minutes sufticing under ordinary 
circumstances to clear the tunnel and renew the air from the two 
extremities to the shaft. The maximum number of trains passing: 
daily through the tunnel in 1889, with an average of thirty cars, 
was sixty-five, which is very near the limit which can be sulely 
run under present conditions, and the time is fast approaching 
when recourse must be had to artificial ventilation unloss sume 
other motor is used than the ordinary locomotive. 

The St. Louis tunnel is constructed beneath the city of St. 
Lanis, and forms tha connection between the bridge over the 
Mississippi river and the Union Depot at Twelfth Stroct and 
Poplar Street in the midst of the city. It is 4,095 feet in length, 
the two main portions running nearly at right angles to cach 
other and connected by a curve 740 fect in length approximately 
in the centre of the tunnel, where tho ventilating fan is placed. 
The steepest gradient is 1 1n 75. It is really a double tunnel, for 
a central wall, with openings at every 25 fect, soparates the two 
lines of rails thronghout, excepting at the fan and at the Custom 
House. Originally air-holes through the roof were left in several 
places, which it was expected would suffice to keep the tunnel free 
from smoke and foul air, but this proved a mistake, and, moreover, 
loud complaints were male hecause of the issue of smoke into the 
streets, and after many experimental tests all those openings were 
closed and a central fan and ventilating stack wero adopted. 

The stack is of boiler iron, 180 feet high, 37 feet in diameter 
at the base and 15 feet at the top. The fan, which is 15 feet in 
diameter and 9 feet wide, consists of a pair of stecl cones placed butt 
to butt and riveted together. These cones carry sixteen blades, 
3 feet wide, driven by an engine of 1900 HP. at a speed varying 
from 70 revolutions per minute when the passenger traffic is light 
to 110 revolutions when it is heaviest. At 110 revolutions thie 
tunnel is cleared of smoke in four and a half minutes from 
the time of the locomotive passing the fan when going cast, 
and in three and a half minutes when going west, and it 
has been estimated that the total amount of air requiring to 
be removed on the passage of each train is 2,750,000 cubic 
feet. The writer, however, believes that this estimate is ex- 
cessive, and judges from the tests made by himself that at 
110 revolutions per minute the volume of air driven up the shaft 
does not exceed 240,000 feet per minute. The ventilation of the 
St. Louis tunnel has been considered fairly good up to within 
two or three years, but in certain states of the atmosphere the 
smoke moves very sluggishly, and the air in a portion of the 
tunnel is very foul whenever there is a strong westerly wind. 
During the year 1888 an average of one hundred and sixty-seven 
trains passed daily throngh the tunnel,’ so that the average 
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interval between the trains was about eight and a half minutes, 
but by June 1890 the traffic had so increased that there were 
several hours in the day during which one train passed every four 
minutes; so that increased means of ventilation will soon become 
indispensable. oa 

In Europe the subject of tunnel ventilation received a great 
deal of attention at the opening of the Mont Cenis and of the St. 
Gothard tunnels, but so far natural ventilation has been found 
sufficient on railways traversing the Alps. The difference of 
elevation at the two ends of the St. Gothard tunnel is 120 feet, and 
the corresponding difference in barometrical pressure is always 
sufficient to produce a definite current from the northern or lower 
end to the higher southern end, when the temperature is about the 
game at the two extremities. Moreover the traffic through the 
Alpine tunnels is comparatively light. 

Reference is also made to the mechanical ventilation of tunnels 
in England, the system in use at the Mersey railway being fully 
described.! 

In the writer’s opinion the hope of successful ventilation lies in 
tho possibility of keeping smoke and gas out of tunnels rather than 
in removing the vitiated atmosphere, and he thinks that where 
the gradients are light the best solution of the problein may be 
looked for from the application of electricity as the motive power. 

O. C. D. hi. 


Compound Locomotives, 
(Mémoires de la Société des Ingénieurs Civils, October 1890, p. 315.) 


A lengthy discussion arose on communications made by Mr. 
Mallet, Mr. Durand, and Mr. Lencauchez, on the compound 
oe of steam-expansion, and its application to locomotives. 

r. Pulin remarked that there appeared to be but oné raison d@étre 
in compound locomotives—the complete utilization of the ex- 
pansive action of steam ; and but one advantage—economy of fuel, 
although in many cases it is difficult to appraise it, and should be 
considered as the indication rather than the measure of the 
economy of steam. Though the question of complication is related 
to that of cost of maintenance, Mr. Pulin instances the compound 
locomotives No. 701 on the Northern Railway of France,? having 
four cylinders, with four valves. In this engine only seven valves 
have been worn out in the cotirse of a mileage run of 11'9,000 
miles, whilst in the ordinary locomotives on the same service twice 
as many valves have been worn out. When No. 701 was repnired 
in 1888 the working parts were found to be but little worn. :The 








? Minutes of Proceedings Inst. C.E., vol. Ixxxvi. p. 40. 
7 Ibid., vol. Stix. p. 474. 
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mechanism had worked well. During the three years in which 
the engine has been at work it has not been interrupted by any 
cause attributable to the compound system. This system permits 
of augmentation of expansive working in locomotives, even while 
. considerable percentages of admission are practised, and the 

«working of the expansion-link near the middle is avoided, without. 
neutralizing the benefit of long admissions by abnormal condensa- 
tion. Itappears to be sufficiently established that the employmont. 
of high pressures is not the only cause of economy realized by 
compound locomotives. 

Mr. Polonceau maintained that it had not yet been proved that, 
given a compound locomotive, it was not possiblo to construct a 
non-compound locomotive to draw the same train at the same 
velocity, and not consuming more fuel. T shall always,” ho said, 
“pPefer the non-compound locomotive, which has the great. 
advantage of its greaf simplicity, by which it conforms to the 
dictum of Watt: ‘In everything, and abovo all in machinery, 
seek for simplicity.’” Mr. Polonceau read two communications 
received from Mr. F. W. Webb and Mr. Cleminson, tho first in 
favour of, the second adverse to, compound locomotives, showing 
that clsewhere, as well as in France, opinion was divided. 
Incidentally, Mr. Webb stated that he had much simplified, in 
upplying automatic reversing-gear to the second or low-pressure 
cylinder, abandoning the Joy gear. Mr. Polonccan noticed the 
difficulty of making comparative experiments on locomotives. 
One engine-driver might make a difference of 15 or 20 per cent. in 
fuel consumed in comparison with another. 

Mr. Mallet maintained that compound locomotives had passed out 
of the experimental stage. Ho could instance several places where 
twenty-five or thirty such engines had been ordered at once. Com- 
parative trials were not so difficult to make as was usually supposed. 
The remarkable experinents of Mr. Borodin led to tho final 
adoption of the compound locomotive not only on tho railways of 
South-west Russia, but on all the Russian railways, for which 
compound locomotives exclusively were now constructed. Many 
other trials had been made. On the Kastern Railway of Swit- 
zerland an engine of the Bourbonnais type had always, for moro 
than two years, on the various sections of the railway, shown very 
notable economy. The Jura-Simplon Railway Company ordored a 
nuinber of locomotives, some compound, some ordinary, alike in 
all respects except in the cylinders. Not only did the average 
working of the compound engines show an important economy on 
the average of the ordinary engines, but the compound, which 
showed the greatest consumption, used notably less fuel than the 
ordinary engine using the least. It might be taken for grantod 
that if there were now from 1,000 to 1,200 compound locomotives, 
it was because the system had manifested real advantages. 

Mr. Lencauchez declared that in theory the compound system 
could not show any economy; and he quoted instances of com- 
parative trials in support of this assertion. ‘Certain engineers,”’ 
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he said, “think that the compound system is preferable; others 
equally competent think the contrary.” He referred to a locomo- 
tive (No. 76, on the Orleans Railway) fitted with Corliss valves 
(cylindrical) which had been at work, thus fitted, for two years, 
with steam of 10 atmospheres. The valves were in good order, 
and they were of ‘indefinite durability.” 

Mr. Pulin pointed out that, with a high degree of expansive 
working in ordinary locomotives, an important extent of condensa- 
tion of steam took place which did not appear to take place in the 
compound engine, in which an expansion of from five to six 
volumes corresponded to the best practical utilization of the steam. 

Mr. Du Bousquet believed that the chief element of the economy 
that might be expected arose from the augmented degree of expan- 
sion rendered available by the augmented pressure in the bgjler, 
and that, as the rate of expansion depended only upon the ratio of 
the final to the initial volume, it could be eealized in one cylinder 
as well as in two; and he commended the experiments of Mr. 
Polonceau towards a settlement of this question. 

In this connection Mr. Poloncean referred to the priming of water 
in mixture with the steam from the boiler, asa difficulty influencing 
the results. Priming, he maintained, varied from 30 per cent. to 50 
per cent. in locomotives ; and therefore all results were false. 

Mr. Collet was of opinion that the advantage derived from the 
compounding of locomotives was that the “very bad” distribution 
effected with the expansion-link for high degrees of expansion in 
one cylinder was obviated by the distribution of the work of 
expansion in two cylinders. 


Dp. hk. C. 
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Contribution to the History of Compound Locomotives. 
By 1. BrurcKMANN. 
(Organ fuer die Fartschritte des Eisenbahnwesens, Wiesbaden, vol. xxvii. 1890.) 


The rapid but steady development of the compound locomotive 
renders it desirable to note some important points in the history 
of this development, which may be conveniently divided into two 
periods: the first period from the earliest ideas and experiments 
dlown to the year 1876, when Anatole Mallet made his valuable 
series of researches with compound locomotives on the Bayonne and 
Biaritz railways; the second period from the year 1876 down to 
the present time. : 

The International Railway Congress, held in Paris in September 
1889, recommended that experiments with compound locomotives 
should be instituted, on account of the importance of the subject, 
especially for those countries where fuel is scarce, thus showing 
that they did not consider the compound locomotive to be thoroughly 
established, but to ke still in the experimental stage. 
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The development of the compound locomotive, during the second 
period, can be followed in detail from the technical journals, but 
it is quite otherwise with the development during tho first period : 
only scattered notes can be collected from the above source, and 
also from reports of the railway companies. 

The earliest known example of a componnd locomotive scoms to 
have been that of James Nicholson, an engine-litter in the Mastern 
Counties Railway works at Norwich, in either 1846 or 1847. His 
idea was to make more use of the expansion of tho steam thau was 
usually the case in locomotives. In his arrangement, tho pistons 
of the two cylinders were coupled in the usual way to cranks, and 
at right angles to each other. The boiler steam was admitted 
into one of the cylinders (No. 1) for nearly half-stroke, and when 
the piston of No. 1 cylinador had travelled quite up to half-stroke, 
the steam was admitted by a special arrangement of valves from 
the first cylinder into tke second cylinder; the admission of steam 
in the second eylinder only amounted to one-twentieth of the 
stroke; the communication between tho two cylinders then ceased, 
and the expansion continued in both cylinders, independently of 


Fig. 1. Fiy. 2. 
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each other. My. Nicholson claimed that by his arrangement the 
exhaust steam from only ono cylinder was made use of in the 
blast-pipe to force the draught, whilst in the second cylinder the 
greatest possible use was mado of the steam by Very complete 
expansion. Mr. Nicholson communicated his idea to Mr. J. Hunter, 
the Locomotive Engineer of tho Hastern Conntics Railway Com- 
pany, in 1848, and then went to the Stratfurd works of the same 
company, and in course of time a goods locomotive from his 
designs was built. This engine ran regularly between Stratford 
and Norwich for many months. Mr. J. Hunter died soon after his 
interview with Mr. Nicholson, but his successor, Mr. Samuel, pur- 
sued the subject with success, and in October 1850 took ont a 
patent for a compound express locomotive. A report on this was 
given before the Institution of Meclianical Engineers; the title of 
the patent was for “Continuous Expansion Engines.” The ques- 
tion arises, Can engines, with such a distribution of steam as in 
Mr. Nicholson’s arrangement, be truly considered as ‘compound 
engines’? Two answers may be given to this question, as may 
be seen from the two diagrams showing the steam admission and 
expansion, Fig. 1 and Fig. 2. If the adrfission of steam in 
[THE INST. C.E. VOL. CIV. | 2% 
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the first cylinder is for less than half-stroke (see Fig. 1), then, as 
the second cylinder takes its supply of steam from the first during 
the period of expansion, the engine may be considered as truly a 
compound engine. But if, as in Fig. 2, the admission of steam in 
the first cylinder is for more than half-stroke, then both cylinders 
take the supply of steam from the boiler, and the engine cannot 
truly be considered as a compound engine. 

Further research into the history of these early compound 
engines has not been successful, and the above gives, speaking 
generally, all that is known with certainty. _ 

About the year 1860 a compound locomotive was proposed by 
Mr. E. Kemp, of the Glasgow and South-Western Railway, at 
Kilmarnock, from the designs of his brother, Mr. W. Kemp, of 
Gourlay & Co., Dundee. In this engine the cylinders were 
arranged with a high and low pressure on each side of the engine. 
Each high-pressure cylinder was dividedeinto two single-acting 
cylinders witha common plunger, and between them a low-pressure 
cylinder, with piston fixed on the plunger, so that they together 
formed a tandem system, one for each side of the engine. A 
specially-designed double channel-valve served to effect a correct 
distribution of steam, giving boiler steam to the high-pressure 
cylinders, and exhaust-steam from them to the annular piston of the 
low-pressure cylinders. Mr. Kemp laid this design before Mr. B. 
Conner, of the Caledonian Railway, but apparently without result ; 
eventually he took out a patent for the above arrangement of 
cylinders, and it has been used for marine engines. 

After these carly examples, the history of the compound loco- 
motive becomes much easier to follow. 

The Author proceeds to give descriptions of some of the examples 
of later types, with critical remarks, and the Paper is very com- 
pletely illustrated, with three large plates showing the arrange- 
ments of all the early types, down to the compound locomotive by 
Mr. A. Mallet, of the Northern Railway of France, in 1875. 

18 as o Pe aap 


Tuaging-Strength of Railway-Couplings. By A. Putin. 
(levue vénérale des Chemins de fer, September 1890, p. 135.) 


On the Northern Railway of France, a falling weight of 535 
kilograms, or 1,180 Ibs., was employed for testing the tensional 
resistance of carriage screw-couplings to tugs or sudden stress, 
such as they are subjected to in the ordinary course of work. The 
height of each fall was measured, as well as the total elongation 
of the coupling after each fall. The trials were conducted in two 
, ways: by commencing with a minimum height of fall, which was 
augmented at each fall; or by adopting a constant average fall. 
Table I shows the results of trials of a coupling :— 
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Tasie I. 
Number of | Height of Fall, | Total Elongation. 
No, Inches. 'Millimetres or Inches. 

] To 8 
2 11°8 | 5 
3 15:8 | 8 
+ 19°7 1} 
5 23°6 | i 
6 27°6 20) 
7 BLS 26 
8 | BS aoe | ol 
9 B04 40 
0 43°3 


] 
bead 





At the tenth stroke, the screw was broken across at the junction 
with the plain portion which carried the counterweight. 

Such trials by tug or shock may supply very useful indications 
of the quality of the materials employed in the manufacture 
of couplings, and of the relative strength of the pieces of which 
they are composed. 

PD. kK. C. 


On Ropeways, with Notes on the Plomosas Line. 
sy B. McInryne. 


(Transactions of the Technical Society of the Pacific Coast, San Francisco, 
TSO, p. 115.) 


The Author remarks that the system of transporting materials 
by means of wire ropeways has been thoroughly tested, tho results 
proving that a well-constructed ropeway is as sure in its operation 
as an ordinary railway. It is specially adapted for the Pacific 
coast, where there are many valuable mining properties undeveloped 
on account of the ore being of too low a grade to be profitably 
worked on the spot by steam-power. By grinding these ores ina 
mill by water-power, which in many cases may be found within a 
few miles distance, these may often become valuable properties, 
and it is only a question of some megns for transporting the ore, or, 
in some cases where water-power is not available, of providing fuel 
from some wooded district within reach. ‘The Plomosas ropeway was 
constructed by the Author for the latter object, the upper terminal 
being placed 2 miles from the mines in a position where quantities 
of wood and charcoal were available such as would supply the mill 
for five years without going outside of a radiug of half-a-mile from 


the terminal. A survey was made, from which a plate accompanying 
2B2 
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the paper has been prepared, showing the profile of the ground. 
The spans between the guide-posts vary from 104 feet to 1,006 feet, 
and the total distance about 10,115 feet, the greatest difference in 
level being 3,575 feet, between the upper and lower terminals. 
Hewn timber only being available, most of the frames were con- 
structed of it, round timber being but little used. The frames of 
the upper terminal, the details of which are given in Plate 2, were 
built of timber 8 inches square. The run of the carriage for taking 
up the slack of the rope was restricted to 54 feet, the counter- 
weight gear was at the lower terminal only, and the slack of the 
rope was taken up when the splices were renewed from time to 
time. At first the intermediate posts were single, but afterwards 
X frames were substituted in many places. The Author remarks 
that during three and a half years he had no occasion to tighten 
up any of the frame-bolts. A four-post tower was built for the 
counter-weight gear 24 feet high, the weightbox being 5 feet square 
and 3 feet deep. The transport of the rope was «a scrious 
difficulty ; it was transported in ten lengths, each 2,259 feet long, 
each length made up into seven coils with an intermediate length 
of 10 feet, und cach coil loaded on the back of a mule; the whole 
train consisting of seventy mules in all, with three men to each seven 
mules. An accident (described in detail in the paper ) cansed some 
delay and the death of three mules. The rope used was 13} inch 
diameter steel plough-rope, made at the California wire-works of 
spocial steel from Germany, and gave a tensile strength of 300,000 
Ibs. A detailed description is also given of the way in which the 
rope was played out. ‘he rope needs care and attention, and after 
trying Swedish tar mixed with boiled linseed oil, it was found 
that black West Virginia oil fed on to the rope by automatic 
Iubricators was the most satisfactory, about three gallons per month 
being used. The cost of the work is given as follows :— 





£ s, Te 

Cost. of construction of upper terminal 2... 6. BD 100 
i © cay lower ‘3 se ios eee ee oR tt Jo 0 

” s intermediate terminal 2...) 300) 0) 8 
Sundrics, stretching rope, ete. a er ee a a o2 0 0 
Total cost of construction oo... eee EO 
Cost of ropeway material 2. oo. 0.0.0. 2. 2. . S.TG8 A 0 
ChpOR Migs TUNIS CEG ee, nae. a Os Gey ae oe 
Total for ropeway in working order... 8.977 0 


The comparative cost of wood delivered at the mill lefvre and 
after the ropeway was made is as follows :— 


4 


5,100 cords of wood delivered at mill before ropeway... 12,670 
5,900 cords delivered by ropeway 2... eee 3.002 





Saving e = we > * e e s e e oe = e e ° 3) . PTS 
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Other expenses saved are given in detail. 

The Author states that six years’ experience has given him 
opportunities of studying the wear and tear of ropeways, and ho 
finds that the shpping of the clips on the rupe is one of the most 
fruitful sources of wear. He gives two woodcuts showing a clip 
devised to remedy the evil. Tho Paper is further illustrated by 
six plates showing the arrangement of the upper and lower ter- 
winals and other details. 

edi. Fe? 


The Thermo-Siphon for Heating Railway-Carriages. 
3) s 


e oe 
(Revue générale des Chemins de fer, September, L890, p. 131.) 
@ 


The thermo-siphon in use on the State Railways of Franco for 
warming the passenger carriages was designed by Mr. Gallet of 
Tours, to the instructions of Mr. Paront. The system consists of 
two multitubular boilers fixed boneath the framo of each carriage, 
one at each end, distributing hot water in multitubular structures, 
one in cach compartment, placed transversely under the foot of 
the passengers. ach boiler has a central fire-box heated by peat 
charcoal contained in a basket, which can be put in place throngh 
a side doorway, the door of which can be socurcly fastened by a 
spring latch. Airis supplied to the furnace from below, through 
circular openings fitted with adjustable conical plugs, by means oe 
which the supply may be regulated. 

The fyot-warmer in cach compartment consists of a shallow 
chamber at each end, and an intermediate stratum of steel tubes, 
10 millimetres, or 0°4 inch, in diameter inside, ,|, inch thick, 
fifteen in number. The hot water from the boiler rises into one 
of the chambers, passes through the tubes to the other chamber, 
and then back to the boiler, by natural circuletion. A small 
cistern holds a reserve of water. The peat-charcoal fire burns 
slowly on the two movable grates on which it is placed red-hot, and 
as sufficient for eighteen hours’ work consecutively. ‘The products 
of combustion pass off at a temperature not exceeding L170”. 

The weights and prices of the apparatus are as follows :— 


Weight. Price. 

Istclass . . . . «© «1,480 2... 02.2¢~¢«~*@SCOO 

2nd. 4, -« « «@« « » Fyf§D 2. -s © « « G0 

OTO 946. <ul 6. ee es. ew, oA GOED se A ee: GE 
D. K. C. 
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Filtering-Establishments for Municipal Water-Supplies. 
By Dr. Franxet and C. PierKke. 


(Deutsche Vierteljahrsschrift fuer oeffentliche Gesundheitspflege, 1891. 
p. 08.) 


The Sixteenth Mceting of the German Public Health Society 
was held at Brunswick in September 1890. 

The discussion was founded upon a series of theses placed 
before the meeting, which were as follows :— 

I. All surface water must, before being used for drinking 
purposes, be freed from any possible sources of infection. 

II. For this purpose, in all cases in which large volumes. of 
water have to be dealt with, filtration through sand may be 
deemed to be the most practicable and merfect process under 
existing circumstances. 

IIL. The sand-filter is not, as it has been generally assumed to be, 
thoroughly efficacious under all circumstances. Sand-filters are by 
no means capable of extracting all germs, but when intelligently 
worked it is possible by their means to confine the number of 
germs within very moderate linits. 

TV. The following are the conditions for satisfactory working :— 

(a) Crood raw material (unfiltered water) so far as possible free 
from pollution. 

b) Moderate filtering speed. 
° Regularity in the working of the filter. 

d) The rejection of the water supplied at the beginning of each 
filtering period. | 

Speaking upon these axioms Dr. Friinkel drew attention to the 
differing sources from which water was obtained, as surface-water, 
spring-water, &c. The grave consequences arising from various 
pollutions in water were pointed out, and the importance which 
has been given to bacteriological investigations by the germ theory 
of discases, which for the first time afforded a clear insight into 
the nature of the organisms of infection. ‘The knowledge of these 
gorms rendered it imperative that at the outset all micro-organisms 
should be removed. In order to accomplish this effectually it 
would be necessary, in theory, to convert the water into an 
absolutely sterile fluid. The various means of doing this are 
enumerated, viz., by chemical treatment, the employment of heat, 
and by mechanical operations. The germs are small floating bodies, 
which may be entangled in the meshes of a filter and thus 
removed. Where large volumes of water have to be dealt with, 
this last process is the only one really practicable, and to James 
Simpson is due the credit of having devised in 1839 a method of 
clarifying water upon a manufacturing scale. Recent experi- 
ments have shown that, however carefully it may be used, the sand- 
filter is not absolutely “ germ-tight.” It depends largely for its 
impermeability upoma thin stratum of impurities and micro- 
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organisms entangled in its upper layers or deposited as a net-work 
upon its surface, and for this reason, until a considerable volume 
of water has been passed through the filter, leading to tho 
formation of this preservative layer of organic matter, the water 
yielded is hable to contain many germs. This net-work, however, 
greatly retards the passage of the polluted liquid, and in the course 
of time opposes such obstacles to the action of tho filter that the 
bed becomes worked dead, and filtration has to be discontinued in 
order that the filtering substance may be cleansed. ‘ho Author 
discussed, at some length, the conditions under which the filter- 
bed can be nsed snecessfully for the extraction of bacteria, and it 
is pointed out that the number of micro-organisms in tho original 
liqnid is of very slight importance, as it becomes possible to reduce 
that number ina good filter-bed to from fifty to two hundred germs 
pet cubic centimetre, whether the original number ina like volume 
of water was a thousang or one hundred thousand germs. Attention 
was called to the very sensitive nature of a filter-bed when in 
working order, to the derangements cansed by slight changes in 
the pressure or tho working speed, and to the dangers attending 
theo use of the water which first passes through a new bed, and 
which 1s always very rich in germs washed off the sand, Wc. 

As a natural consequence of these observations, the Anthor 
maintained that the unreliability of the filter points to the nocossity 
of adopting in all cases, where it became possible to do so, an 
underground supply, obtained from deep wells or springs, and he 
believes that waters of this kind will ultimately have an important 
part to play. 

Mr. Piefke, in continuing the debate, pointed out that advan- 
taze must be taken of tho Nght which scientific knowledge 

as now shedding upon the subject of filtration, more expecially 
when it involved the re-modelling of the plant or the 
amclioration of the processes. One of the matters of oxtreme 
importance was to render the speed of filtration independent 
of the fluctuations in the daily rate of consymption, which 
varies very considerably, as was shown by a graphic diagrain. 
For this purpose the provision of a compensation-reservoir 
became a matter of urgency, and the mode of calculating 
the capacity of this reservoir was explained. Attention was 
directed to the superior quality of the water yielded by 
covered filter-beds to that obtained from open filter-basins, and tho 
relative cost of construction of each was considered. Diagrams 
and tables are given to show the comparative purity of water from 
open and that from covered filters at different seasons, and the 
great advantage of freedom fromeice in the winter-time, in the 
case of covered beds, 1s insisted upon. 

In the subsequent discussion it was pointed out that the theses 
embody most of the conditions laid down in the Metropolis Water 
Act, 1852. Other speakers called attention to the various methods 
of freeing water from iron, to the results obtained at Kiel, and to 
the difficulty of obtaining conclusive evidegce from experiments 
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conducted with fiiters of a small size. The congress ultimately 
declined to pass a formal vote upon the theses. a 
* » Sle 


The Water-Supply of Modern Rome. By E. Hiexr, of Milan. 
(Gesundheits-Ingenieur, Jan, 1, 1891, pp. 14 et seq.) 


Before dealing with the modern system of supply and distribu- 
tion in Rome, the Author describes the arrangements by which in 
ancient times the water was brought into the city and was made 
available for the use of the inhabitants. During the first four 
centuries of its existence Rome possessed no public water-supply, 
but the citizens resorted to springs. As the population gradually 
became more dense, the public supply was augmented until 500 
litres per head per diem, or according to some historians 1,000 litres 
of water per head daily, were available. To give an idea of what 
was unplied by these figures, the Author states that the population 
of Rome in the year 725 after its foundation, B.c. 32, was one 
million, three hundred and thirty-six thousand, six hundred and 
eighty souls, or including the residents in the suburls, who were 
also supplied from the aqueducts, a total of six millions of 
inhabitants. Much water was used in the public baths, which at 
the time of Rome’s greatest prosperity, amounted tu twenty-two 
warm and cight hundred and fifty-six cold baths, apart from eight 
hundred and cighty private baths. Some of the former were on a 
colossal seale; thus the baths of Diocletian would accommodate 
three thousand two hundred bathers at one time. Water-closets 
were in use, both in ancient Rome itself and in other rich provincial 
towns. According to Professor Spataro, the basins were sometimes 
formed of solid gold. 

The first agugduct was completed n.c. 312, and subsequently the 
number rose according to Frontinus to nine, according to Procopius 
to fourtcen, or as IP. Victor relates to twenty-four. ‘he names and 
estimated yields of the chief aqueducts are given. ' The collecting 
reservoirs, into which the water was conducted, were called 
‘“‘castelli.” Of these there were not less than two hundred and 
forty-soven in various parts of ancient Rome. 

The supply was regulated by so-called “moduli,” or the volume 
of water passing in a given time, at a known speed, through a 
pipe of a fixed section. The pipes used were of bronze; they 
were termed “ calices,” and, accerding to Frontinus, were 12 inches 
in length. These “moduli” of supply were not always of one 
fixed standard, and the various changes in unit are discussed. 
The water was conveyed from the castelli into the houses by 
means of lead or clay pipes, and the regulation of this distribution 
was entrusted to the official in charge of each reservoir, the 
“‘castellarius.” After the fall of Rome the aqueducts were 
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destroyed, and the population sank in A.p. 1377 to seventeen 
thousand souls. Pope Adrian JT. began the restoration of the. 
ancient aqueducts, and in the fourteenth century the city was 
again supplied by the Aqua Vergine and the Aqua Felice. Pope 
Paul V. restored the Trajan aqueduct, renamed the Aqua Paola, 
the water of which is, however, not potable, and till the close of 
the sixth decade of the present century these three aqueducts 
supplied Rome, with a population at* that time numbering two 
hundred and forty thousand inhabitants. 

All ancient Authars were unanimous in praising the water of 
the Marcian aqueduct, and it occurred to Professor Camina that 
this supply might be restored. He died, however, before his 
project was completed, and Mr. Moraldi, an architect, subsequently 
worked ont similar ideas, until at last an Mnglish company was 
in@brporated for the purpose of recovering this supply ; the so-called 
Societa dell? Aqua Pig-Antica-Marcia. Before the works could be 
commenced it was necessary to ascertain the district from which 
the ancient supply had been obtained, and the data for this 
problem were very scanty, all traces of the aqueduct itself having 
vanished. The Author, on the basis of tho testimony of the 
various ancient documents, on the known cost of exceution, 
the price of slave labour, and the Jength of the structure, as 
described yy ancient writers, gives the facts by which the 
vicinity of Lake St. Lucia in the Apennines, 43 kilometres, as tho 
crow flies, from Rome, was finally indicated as the probable 
source. Mr. Campbell was thereupon instrneted to examine the 
springs near the lake, and he found remains of ancient masonry in 
the so-called second “ siren” (spring), which left little doubt that 
the water was formerly obtained from that spot. This siren is a 
vroup of seven springs, which were collected and brought into one 
reservoir. ‘The conduit from thence to the city is 48°649 kilometres 
in length (33°38 miles). ‘The water is first conveyed to an ancient 
reservoir at Tivoli, partly in masonry channels, partly in tunnels 
through the rocks. From Tivol to Rome, a Igngth of 26°84 
kilometres (16°68 miles), the water passes under pressure through 
a cast-iron main, 600 millimetres in diameter (23°62 inches). ‘This 
main has a total fall of 108 metres, and the water flows through it 
with a velocity of 1:3 metre per second. The whole time 
required for the passage of the water from its sourco to the city 1s 
from eight to ten hours. This water-system was inaugurated in 
the presence of Pope Pius IX., on September 10th, 1870, just ten 
days before the Italian army breached the walls of Rome close to 
the works. ‘lhe four aqueducts, which now supply Rome, yield 
a daily volume of 232,400 cubicometres (about fifty-one million 
gallons), an amount relatively much in excess of the supply of any 
other modern city. 

Details are given of the methods adopted by the company of 
measuring the supply, as also illustrations of the special taps with 
glass slide-valves that are employed. The unit of measurement is 
the “ oncia,” equivalent to 1 litre of water delivered in 4:27 seconds, 
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together with subdivisions of the same as low as the one-fortieth 
part, but the oncia of Marcian water differs from the oncia of the 
Aqua Vergine. The former represents a supply of 20,217 litres 
in twenty-four hours, and the latter a total of 40,434 litres per 
diem. The price of the water to householders is from six 
centessimi to fifteen centessimi per 1,000 litres (3°26d. to 8°15d. 
per one thousand gallons), but reductions are made for quantity, 
and traders pay 7 centessimi. The mode of house storage is 
explained by reference to diagrams. Chemical analyses and tem- 
perature observations on the water follow. In consequence of its 
composition the water causes considerable incrustations of calcic 
carbonate in pipes and cisterns. 
G. Rh. h. 
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The Water-Supply of Hohenelbe. Yxy — Scien. 
(Wochenschrift des oesterr. Ingenieur- und Architekten-Vercins, 1890, p. 593.) 


The town of Hohenelbe, in Bohemia, is situated at the foot of 
the range of mountains called the Riesen Gebirge, and the springs 
which furnish the supply of water are about 3} miles distant from 
the town. The quality of the water on analysis was found to be 
excellent, and the measured yield was 132,000 gallons daily— 
quite sufficient thorefore for the present wants of a town con- 
taining 6000 inhabitants; but in case of further demand, other 
springs, some above and some below those under notice, could be 
drawn upon. The amount of water to be supplied is taken at 
154 gallons per head per diem for a population of 10,000, the 
main therefore had to discharge 155,000 gallons a day. Taking 
the interior diameter of tho pipe at 34 inches, the necessary 
head of pressure would be 403 feet, but as the difference of level 
betweon the weter-surface of the highest spring and that of the 
main reservoir was 479 feet, this made the pressure too great for 
the lowest points of the main; consequently a shaft or well was 
interpolated in order to reduce the pressure at these points to 
10} atmospheres, the pipes being tested to bear nearly double 
that pressure without injury. In crossing the Elbe a trench 
was dug 6 feet dcep, in which the flanged pipes were laid, and 
the wholo was thon filled in with concrete up to 24 feet above 
the top of the pipe. It is stated that a few hours after this 
had been done a tresh flood occurred, which on its subsidence, 
exposed some parts of tho pipe, and it was found that the concrete 
packing had already hardened. <A distributing reservoir (which 
serves to regulate the fluctuations in the demand for water at 
different periods of the day) was built ata level of from 130 to 
200 feet above the streets of the town, and this holds 55,000 
gallons. It was blasted out of the clay slate-rock, and required 
the removal of 845 cxbic yards of material. The walls are built 
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of hard quartz schist, and are covered with a }inoh coating of 
cement. This reservoir is arched over, and on the top is a layer 
.of earth 34 feet thick. 
The whole network of pipes and branches is 9,537 yards lone; 
the greatest diameter of pipe is 5 inches, the least 1} inch. Thore 
are fifty hydrants, and at present 110 house-service pipes. 


W. IL E. 


Re ee errr a aR cpt a 


The New Pilter-Beds of St. Petersburg compared with 
those of Warsaw. By Eau Sokat 


(Wochenschrift des oesterr. Ingenieur- und Architekten-Vereins, 1890, p. 385.) 


e 

The St. Petersburg filter-beds wero completed in 1889, and consist. 
of two groups of seve and four beds each, with a total filtering 
area of nearly 6 acres. Warsaw at presont has two groups of 
filter-beds, covering an arca of nearly 64 acres, but this is only 
one-sixth of the total area to be provided. Tho St. Petersburg 
scheme is the property of a Company, and has been laid out with 
the utmost economy with a view to large profits, but the Warsaw 
works are the property of the City, which aims at possessing the 
finest water-supply scheme in Kurope. Tho former supplies 32) 
million gallons daily for a population of 930,000, or 85 gallons per 
head per diem, while the latter in its present incomplete stato 
supplies 10 gallons per head daily to a population of 500,000. 
The St. Petersburg works have 165 miles of delivery pipes, the 
Warsaw works 69} miles. he cost of water in tho formor is 
about 1d. per 100 gallons, and im the latter from 14d. to 2)d. per 
100 gallons, according to the size of the houses supplicd and the 
status of the occupiers. Barracks and military buildings are 
supplied at half-price, and hospitals gratis. The Petersburg 
scheme returns a clear profit of £75,000 yearly, but the profits of 
the Warsaw scheme are expended by the municjpality in the 
extension of the sewers. 

In St. Petersburg the pumping and filtering-stations are close 
together; in Warsaw they are nearly 2 miles apart. As regards 
economy of working, Petersburg is the more favourably situated, 
as in Warsaw the water from the Vistula has to be lifted 
nearly 120 feet before reaching the filter-beds, but as regards cost 
of construction, the Warsaw beds at £3 7s. per square yard of 
filtering-surface compare most favourably with the Petersburg 
filters at £8 8s. per square yard, this great difference, it 1s 
stated, being due to the difficulty of* the foundations, owing to the 
unfavourable condition of the soil of St. Petersburg. The Warsaw 
works have been in operation since 1886, and supply excellent. 
water, the pressure between the filter-beds and the settling 
reservoir or clear-water basin being automatically regulated by a 
contrivance invented by Mr. Lindley, the chief enginecr, which 
answers perfectly. > 
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As regards the St. Petersburg works, it is stated that, though early 
to judge of their ultimate success, both official and private reports 
speak of faulty construction, but it is thought that this may be’ 
remedied withont difficulty. A plan of the Petersburg groups, of 
filters, showing the clear-water basins, and the feed-pipes from the 
Neva to the filter-beds, accompanies the Paper. 

W. OW. E. 


The Deep Boring at Lucknow. By I. D. Orvis, Assoc. R.S.M. 


(Rtecords of the Geological Survey of India, 1890, p, 261.) 
My t 

An experiment of great scientific importance has lately been 
carried out by the Municipality of Lucknow in putting down a 
bore-hole to a depth of 1,300 feet in search of an artesian water- 
supply. Asa source of water-supply the boring is a failure, but 
as an experiment it has been conspicuously successful. It has 
shown that at a depth of 1,200 feet there is water under sufficient 
pressure to flow to the surface. Itis probable that the succeeding 
water-hearing strata, which would be struck by a deeper well, 
would yicld water at higher pressure, and in any case an abundant 
supply of pure water can be obtained by pumping. ‘The Author 
publishes in full a section of the boring received from the President 
of the Municipal Board, and from this concludes that the bore-hole 
has nearly reached the base of the alluvium, the total thickness of 
which is probably less than 2,000 feet. The single bore-hole put 
down is insufficicnt to decide whether the head of water comes 
from the northern or from the southern margin of the plains. - 
There is a greater effective head to the north, but a more tortuous; 
passage for the underground water. ‘To the south the effective” 
hicad is less, but if the base of the alluvium has been nearly 
reached, there*is a more direct passage for the water, and conse- 
quently less loss of head by friction. No decision has yet been 
arrived at with reference to making a second boring. A deeper 
trial is certainly warranted. 


B. H. B. 


Stand-Pipe at Malden, Massachusetts. By R. 8. Lua. 


* . . e . . 7 * 
(Transactions of the Canadian Society of Civil Engineers, January to June, 1890, 
p- 79.) 


Malden is one of the numerous suburban towns of Boston, Mass., 
having a population of 20,000. The town has been extending up 
the slope of the hill, demanding high-service, for the supply of 
which a stand-pipe er tank of wrought-iron was constructed on the 
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top of Wales Mountain. The stand-pipe was more suitable than 
an ordinary reservoir, as the hill consisted of granite rock. It is 
75 feet in diameter, 35 feet high, and the bottom of it) stands 
200 feet above the level of the city datum. ‘The hottom is con- 
structed of §-inch plates, 10 feet long, 6 feet wide, riveted towether 
with a single row of j-inch rivets, pitched at. 3!-inch contres. 
The plates at the periphery are of softer material than the others, 
to allow the formation of a 5-inch flange all round, to which the 
first row of side-plates are riveted. The bottom and first side-row 
of plates thus united were constructed at about 3 feet above the 
side, and were lowered into position on the foundation. This was 
prepared by laying a 4-inch stratum of Vortland cement-mortar 
—1 of cement and 2 of sand. The material was put in dry, the 
moisture from the foundation and bottom being considered suf- 
ficient to set it. The bottom was lowered by means of screw- 
jacks. - 

The first or lowest course is connected to the flanged bottom- 
plates with a triple row of 7-inch rivets at 2) inches of pitch. 
The first and second courses are j-inch plates, 6 feet by 10 foet ; 
the vertical seams being triple-riveted with 5-inel Jap, and the 
horizontal scams double-riveted with 37-inch lap. Tho third and 
fourth courses are of 4-inch plates, 6 feet ly 10 feet, and all the 
seams are double-riveted. The two topmost. courses are of {%,-inch 
plates, 54 feet by 10 feet, single-riveted, with 27 inches of lap. 
All the seams were caulked. In one of the lower side-plates, an 
oval manhole, 24 inches by 18 inches, is formed, with au iron cover 
on a seat of india-rubber. 

At a height of 28 feet from the bottom, the stand-pipe is 
encircled by a balcony, supported by angle-bar brackets riveted 
to the tank, reached by a staircase. 

The stand-pipe is covered by a slate roof having twelve sides 
supported by 12 iron trusses tied together at the centre by 1-inch 
iron rods. Between the trusses, the roof 1s supported by five 
rafters of channel-bar and angle-bar, across whigh, at 104-inch 
centres, are placed the purlins, which are of tee-iron, 1 inch by 
14 inch, weighing 6 lhs. per yard. The roof was required, by 
specification, to sustain the following vertical loads:—-On the 
purlins, 45 lbs. per sloping square foot of roof-surface; on the 
rafters, 50 Ibs. per square foot; on tho trusses, 56 Ibs. The 
tensional stress was not to excecd 12,000 lbs. per square inch; and 
the compressive stress, 10,000 lbs. The roof is surmounted 
by a galvanized-iron ventilator or cupola. 

The inside of the stand-pipe received three coats of black 
asphalt varnish; and the outside three coats of white lead and 
linseed-oil. 

The stand-pipe has a capacity of 1,180,000 gallons (American), 
and when it is full, the water-level stands 235 feet above the city 
datum. 

The foundation cost $1,500, or £312 108.; the roof, $5,000, or 
£1,041 108.; the stairs, $500, or £104. The total cost of the 


382 STAND-PIPE AT MALDEN, MASSACHUSETTS. [Foreign 
structure complete, including the foundation, was $22,440, or 


£4,675. It was built under the direction and according to the 
specifications of Mr. M. Tidd, of Boston. or 
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The Pollution of the Isar when the River ts at the Lowest Level. 
By Pror. von PETTENKOFER. 


(Deutsche Bauzeitung, Feb. 18, 1891, p. 81.) 


Tn continuation of investigations carried but by Dr. v. Widenmaycr 
into the pollution of the Isar and its tributaries between Munich 
and Freising, the Author undertook to examine into the state of 
the river as respects sewage pollution at the time when the water 
was at the lowest possible level. ‘These conditions were obtained 
after the long drought during the present winter, when the Isar 
had been frozen over for many wecks continuously, and when it 
had become so shallow that every part of it was accessible. On 
January 21st, 1891, three samples of river-water were taken below 
Munich near to the bridge at Freising, and at the same time a 
sample was obtained above the town at Thalkirchen. All the 
samples wero identical in appearance, the water was clear and 
colourless, and was quite devoid of taste and smell. The chemical 
analysis, was restricted to the estimation of the residue on evapora- 
tion, which most clearly indicates the contents in fecal matters, 
whilo the amount of organic substances present was obtained by 
treatment with permanganate of potash. Each part of oxygen 
required involves, it may be assumed, the destruction of twenty 
parts of organic substances extant in the water. The following 
were the results of the analyses expressed in milligrams por 
litre :— . 





Oxygen 
Required. 


Residue on 
Evaporation, 


Derivation of Sample. 








Thalkirchen 
Freising right bank 
a left bank 


i above bridge ? 





The figures obtained by Dr. v. Widenmayer for the river during 
the highest summer-level and also for mean water-level will be 
seen from the following Table. The results are, as before, set forth 
in milligrams per litre. 
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Residue on | Oxyen 
Evaporation, Required, 


June 28, 1890 . 16 


Freising. 


July 22. rs) 
August 2, ,, 


Mean . 





The comparison between these results is very surprising, for it 
will be evident that during the summer floods, while the solid 
resfdue is smaller thah in the winter, the amount of oxygen 
needed is much in excgss of that required during the winter time, 
when the relative proportion of the excretal matter to tho volume 
of river-water is vastly larger. The fecal polluting substances 
may be assumed to be equal in quantity both in summer and winter, 
and it would consequently be anticipated that when the river is 
at its lowest during the winter months, the amount of impurities 
present therein would greatly exceed the pollution of the river in 
the summer time, when the volume is much swollon, and when the 
proportion of river-water to sewage is so much larger. According 
to the gaugings of Boecking, tho discharge of the Isar is as 
follows :— 


per second, 
At lowest level 2. 0. 0. .)~CO0 cubic metres. 
At mean ss i dt te: ce oc a RO i ‘5 
AL TIGNCSE: cay. ei xe eS et BBD gs es 


The Author considers that the solid residue is mainly derived 
from mineral matters contained 1n the water furnished by springs, 
the relative volume of this water being much larger in the winter, 
when there is no rainfall, than it is in the summer, when the rivor 
is swollen with melted snow. Ho states also that the amount of 
fecal matters now discharged into the Isar produces little permanent 
pollution, and that it would be possible to adopt a water-carriage 
system for Munich, without the provision of depositing tanks and 
filter-beds. It is a fuct, indeed, that the water is much more free 
from pollution when the river is low than it is when it is in flood. 
The salt used to thaw the tram-lines may, it is pointed ont, give 
rise to much of the dissolved chlorine found in the river-water in 
the winter time. The Author shows that the two hundred and 
eighty thousand inhabitants of Munich could only raise the organic 
substances present in one litre of Isar water, at the abnormally 
low level of a discharge of only 40 cubic metres per second, by 7 
milligrams. This amount would involve the use of 0°35 milligram 
of oxygen to neutralize it; whereas the organic matters present in 
the summer flood-water require, on an average, 2°28 milligrams of 
oxygen per litre, or over six times as much. Ina similar way it 
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is shown that the solid residue can have nothing to do with 
excremental pollution, and the Author asserts that he retreats 
from his previously expressed opinion that the sewage of Munich 
would have an injurious effect on the Isar, and he believes that no 
evil results will ensne from the discharge of the raw sewage into 
the river. He undertakes on a future occasion to prove that the 
bacteriological investigations do not support the theories of the 
adversaries of the water-carriage system. 


G. RR. 


A Lead Pipe pierest by the Larva of a Wood-wasp (Sirex gigas). 
‘4 
By K. Hartmann. 


4 
(CGesundheits-Ingenieur, January 15, 1891, p. $9) 


3y reference to illustrations, the injury is shown which was 
inflicted upon a lead pipe by an insect that was actually found 
with its head in the hole pierced by it. A workman employed by 
the firm of Naruhn and Petsch was called in to repair a defective 
pipe which had been injured on a previous occasion, as was 
reported, by a “nail-hole” occurring in a soldered joint. This 
time the worm causing the mischief was found in siti. The hole 
on the exterior of the pipe was of a rounded form, 7 millimetres 
long by + millimetres wide, and the penetration was through the 
entire thickness of the metal. By quotations from various publi- 
cations it is shown that, though of rare occurrence, well authenti- 
cated instances of similar injuries by insects are on record. 


G. R. R. 


4 
Lhe Cleansing of Sewers. Ty Emin Sowat. 
(Wochenschrift des oesterr. Ingenieur- und Architekten-Vereins, 1890, p, 333.) 


This Paper contains a description of a contrivance invented by 
the Author for the purpose of clearing the sludge in the Warsaw 
sewers, where the fall is too slight to admit of its being removed 
by the ordinary means of flushing. Recently some 25 miles of 
new drains have been laid in Warsaw, but out of about 900 houses 
in the neighbourhood only 25) drain into them, the remainder 
are connected with the old drains of the city, which receive also 
the rubbish from the houses and the street sweepings, and 
occasionally are su blocked with deposit as to resist the ordinary 
flushing power, and manual labour has to be resorted to. 

The fall of the new sewers is generally sufficient to keep the 
bottom clean by flushing only, but there are two or three places 
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where the fall is less than 1 in 1,000 and therefdre require special 
arrangements. Warsaw also had a network of old wood and brick 
drains nearly three parts full of mud and deposit, which led 
straight to the River Vistula by the shortest cut. The new main 
sewer runs parallel to that river and is frequently crossed by 
these old drains. Connections with the new sewer wero made at 
these crossing points, and although this arrangement undoubtedly 
improved the sanitary condition of the low-lying part of the city 
near the Vistula (for the points of discharge of the old drains 
into the river were closed, and the new sewer discharged at a 
point five miles lower down the river), at the same timo it 
seriously affected the discharge of the new sewer. 

At certain intervals dependent on the fall, flushing-gates are 
built in the sewer, similar to those constructed by Mr. Lindley in 
Frankfort and by Mr. Gordon in Stuttgart and Munich, and on the 
whole this arrangement answers its purpose completely, but in some 
places as before mentioned deposits are met with which resist the 
flushing power and necessitate removal by hand. | 

With a view to do away with this manual labour, the Author 
in 1889 (after an examination of the methods adopted under 
similar conditions in Munich, Zurich, Lausanne and Berlin), pre- 
pared the following simple contrivance. A wooden templot or 
mould fitted to the profile of the sewer, rests on a batten 14 inch 
thick, which is pointed at the end for the purpose of penetrating 
and loosening the sludge. The flushing sluice above tho portion 
of the sewer to be cleaned is closed, and water allowed to accumn- 
late. About 6 or 10 feet lower down the templet with pointed 
scraper is set up: the sluice 1s now opened and the scraper, 
which is under the control of a workman, moves on and cloars the 
deposit. If this be very solid and hard, a small shutter in the 
templet is opened and water sufficient to thin it is adimitted, or 
the scraper may be used more than once at the desired spot. 


W.H. E. 


The Cohen Furnace. By G. Luroux. 
(Mémoires de la Société des Ingénieurs Civils, Paris, September 1890, p. 46%.) 


The Cohen system of furnace comprises an inclined grate, at an 
angle of about 45°, an auxiliary foot grate for receiving clinker 
and ash, and a preliminary short grid at the upper end of the 
inclined grate, surmounted by a hopper, which is charged with 
the fuel to be delivered into the furnace. The uppermost grate 
receives the fuel from the hopper, and it can be moved with a 
rocking movement for the purpose of moving down the fuel, and 
regulating the feed. The bars of the foot-grate are in close 
contact for a part of their length, in order to prevent the passage 
of air at that place. : 
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At the level of the uppermost grate the upper part of the 
furnace is formed with a massive lintel of fire-brick, in front of 
which air is admitted for the combustion of the distilled gases, 
through an opening at each side. Air is also admitted for the 
Same purpose from the front through the uppermost grate. A 
separate supply of air is admitted under the main grate through 
the fire-doors. 

The special features of the Cohen furnace may be noted as: 1. 
The movability of the uppermost grate, whereby the rate of feed 
may be adjusted. 2. The power of regulating the production of 
steam. 3. The distinct supplies of air for the two phases of 
combustion of the distilled gases at the upper part, and the solid 
coke on the main grate. 

The lengths of the grates are constant. The areas are varied by 
varying the width. ‘The lengths are as foilows :-— 


Metre. Inches: 
Upper grate 0°25: or Gow. & Sw 9889 
Main s,, 1°00=— gs 2S wt eti:t~<(:té‘«< SY OD 
Foot is 0°25 Cs, gg Oe, ie ae SOMES 
E50? 59°10 


Se a tea 


For a width of 1 metre, the total grate-area is therefore 14 
square metre, or 16°14 square feet. 

A Cohen furnace at work at the Central Electric Station, Palais 
Royal, Paris, was tested with semi-bituminous coal, mostly small, 
for a period of six days consecutively. For each 24 hours the 
average quantity of coal consumed was 6,908 lbs., or 288 Ibs. per 
hour, or 12°81 lbs. per hour per square foot of grate. 

The total coal consumed per day by this and the ordinary 
furnaces together was 1,188 lbs. ; but before the installation of the 
Cohen furnace a total of 1,351 lbs. was consumed, showing an 
economy of 163 lbs. per day by the introduction of the Cohen 
furnace. ° 

On the premises of Messrs. Sordes, Huillard & Co., with logwood 
chips, containing 55 per cent. of moisture consumed in a Cohen 
furnace, 1°53 Ib. of water was evaporated per Ib. of fuel. In 
another trial with chestnut wood, containing 64 per cent. of 
moisture, supplemented by 5-19 per cent. of coal, 1:20 lb. of 
water was evaporated per Ib. of fuel. 
| The communication is accompanied by an illustrative plate. 

D. K. 


‘ 
‘ 
' 
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The Moal Steam-Boiler. By J. Farcor. 
(Bulletin de la Société d’Encouragement, Paris, 1891, p. 22. 


This boiler, the invention of Mr. F. Le Moal, is designod for 
producing a considerable quantity of high-pressure steam, from a 
small extent of heating surface, with a limited weight and of 
minimum bulk. It isa flat, rectangular, shallow chamber, placed 
vertically; closed at the top and bottom with plates of semi- 
circular section riveted to the sides, and at the ends with two flat 
covers bolted on, and readily removable. The chamber is tra- 
versed horizontally by short flue-tubes placed very near together, 
by which the water is thoroughly divided for tho reception of heat. 
A steam-reservoir is placed above the boiler, connected to it by throe 
neckings riveted to she upper semicircular plate of the boiler. 
The plate is not cut out but only perforated, to act as a strainor to 
prevent priming into* the reservoir, as well as to retain the 
strength of the piece. The boiler is built into a rectangular 
brick seating above the fire-grate. The burning gases riso on 
both sides of the boiler, and are partially diverted by a partition 
at one side through one-half of the flue-tubes to the other sido of 
the boiler, whence they rejoin the gases there. ‘The whole of thio 
ta pass through the other half of the tubes, thence they pass by 

ownward draught to the chimney. 

A boiler of this class was submitted for trial in September, 1890). 
The heating-surface was 113 square feet. The fire-grate was 
about 3 feet square, making 9 square feet of grate, or over onc- 
twelfth of the heating-surface. In the course of five hours’ trial, 
a pressure of from 10 to 11 atmospheres was maintained, and 
860 lbs. of briquettes was consumed, at the rate of 172 Ibs. por 
hour, or 19-1 Ibs. per square foot of grate; making about 4 por cent. 
of ash. Water was evaporated at the rate of 884 Ibs. per hour, or 
5°14 Ibs. per Ib. of fuel. ‘ 

The weight of the apparatus is about 2,420 lbs., and it has a 
volume of about 20 cubic feet. For higher powers, two or more 
such chambers are ranged in the same furnace. 

D. K. C. 


Results of Comparative Trials made in the United States on 
Water-Tube Boilers. By Chief Engineer C. H. Lonine. 


(Journal of the American Society of Naval Engineers, 1890, p. 580.) 


Three experiments on the evaporative power of the Thornycroft 
and Ward types of water-tube boiler are given, and the method of 
conducting the trials described. The feed-water was measured by 

2c 2 
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a Worthington water-meter carefully standardized by tests at 
different speeds; the record being continuous, it was possible to 
take the data of water-consumption at the same time as the coal 
and other measurements, every fifteen minutes. 

The fuel used was Pocahontas coal of good average quality, that 
used in the trial of the Ward boiler being slightly the better; the 
analysis of the coal is not given. 








eee Ward. | Thornycroft. 
Grate surface, square feet . . . . ee 53 | 38 
Heating surfacc, square feet. . . . . 2,473 | 2,451 
Ratioof H8.toG8. . 2. 2. 2. . 1... 46°67 | 64°95 
Weight of empty boiler in tons. . . . . 11°84 9 
Weight of boiler in steaming condition in tons . 13°85 il 
Duration of trialin hours . . . . . . . 12 11°5 
Air-pressure in inches of water. . . . .. 2 3 
Feed-temperature . . . . . . 50:4 58 
Steam-pressure above atmosphere . . . . 160 250 
Coal per hour per square foot of grate. 2... 55°05 40°23 
Refuse percent. . 2. 2. . 1. . eee 4°84 To8 
Moisture per cent. & ih. > ow, a a 12°48 3°89 
Apparent evaporation from temperature of feed 6°60 753 
at temperature of steam per pound of coal . } “ 
Same from and at 212° er ee a 8°04 9°19 
Actual evaporation from temperature of feed at 6°00 7-93 
temperature of steam per pound of coal. ‘t 
oe ‘geen and at 212° et ee ee ee ee 7°31 8 St 
ctual evaporation from and at 212° per hour : 7 
per square foot of H.S. 2. 2... a . ‘t 8°62 5°31 
1.HP. per 100 square feet of H.S. on basis of 43°10 | 97 +5 
20 Ibs. of water per hour from and at 212°. 4 | . 
LHP. per ton of boiler and water on same basis . 76°98 | 61°38 








The following abstract gives the result of trials of the Thorny- 
croft boiler ut different rates of combustion :— 





: | 





Air-pressure in inches of water. .  . . .) | 0-0 0-5; 8:0 | 4:0 
Duration oftestin hours... 2. . ©). 25) 105 15 | 10 
Temperature of feed. 2. ww DP BSS, BO | HP 
Steam-pressure above atmosphere. . . . .: 250 200 | 250 | 250 
Coal per hour per square foot of grate-surface . | 7°58 24°12 40°23.66°32 
Refuse percent... 2. 2. 1 1 ww wee, GT 804, 7°53 6°27 
Moisture percent. . . . . 2... «| 6809) 2°11) 3°89; 6°68 
Apparent evaporation from temperature of feed\: yy.-%  e.42 z : 
at temperature of steam per pound of coal . } eo: ae I, ss 


Same from and at 212°. 0. 2. 1 8. 6... 12°95) 993-919 6-98 

Actual evaporation from temperature of feed se ea: ae 2 om. 
temperature of steam per pound of coal f : ie CRG ee) 

Same from and at 212°... 2. 1 1 wee «1290; 9-72 8°84 6°51 


: \ 
{ : 





The Thornycroft doiler experimented upon was one of those 
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on the United States torpedo-boat “ Cushing” buflt by Herreshoff ; 
the stokers were ordinary navy firemen with little or no previous 
experience in the use of forced draught. 


S. W. B. 


Experiments on a Pair of Compound Steam Pumping-Engines 
at the Copenhagen Waterworks.—By F. Ouucaann.! 


At the Copenhagen Waterworks there are a considerable number 
of compound condensing pumping-engines of the beam type. The 
following experiments were made on a pair of engines of this 
type, coupled together on the same crank-shaft, and working four 
water-pumps, two from each beam. Each of them consists of high 
and low-pressure cylfhders, the walls of which are jacketed with 
steam, but not the top govers. The dimensions of the engine aro 
as follows :— 


Diameters, Strokes, 
Inches, Feet. Inches. 
High-pressure cylinder . . . . .  . 19 3 86 
Low-pressurc 3: a ee ee ern) | o 6 
Main water-pumps  . . . 7 ee 0 4 7:3 


Two Cornish boilers furnished the steam used during the trials, 
which was supposed to contain 5 per cent. of priming water ; 
the feed-water was measured into those boilers by a Kennedy 
water-meter. The water-pumps gave an efficiency of 98 per cent. 
of their contents. 

The subjoined Table gives details of two sets of experiments, one 
with steam in the jackets, and one without. In those made with- 
out steam in the jackets it was not possible to run the engines 
faster. The jacket-water was carefully measured. When the 
jackets were on, the pressure in the jacket of the high-pressure 
cylinder was 40 lbs., in that of the low-pressure cylinder 37 Ibs. 
For each lb. of steam condensed in the jackets, about 5 Ibs. of steam 
were economized in the cylinders. It will be seen that there is a 
considerable gain in economy due to the jackets. The quantity of 
steam condensed in the high-pressure cylinder during admission 
was calculated at 28 per cent. of the total. The total expansion 
in both cylinders was about 10. It was reckoned that about 5 per 
cent. of the total heat was withdrawn from the walls of the 
cylinder, and carried off to waste into the condenser. The Table 
gives the chief points of interest i these experiments. 

The Author is of opinion that it is important to jacket not only 
the high-, but the low-pressure cylinder with boiler-steam. He 
considers that these experiments prove the powerful influence 


? The Danish originul is in the library Inst. C.K. 
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exercised by the metal walls of the cylinder, as already strenuously 
maintained by Hirn, whose theories and experiments here receive 
full confirmation. The action of the jackets he summarizes as 
follows: When the jacket does not work, the walls withdraw heat 
from the steam during expansion in the low-pressure cylinder ; 
when the jackets are used, they impart it. The heat thus taken 
away from the steam is wasted during the exhaust stroke. The 
quantity of heat which passes from the jacket into the steam is small, 
but it exerts a very favourable influence owing to the fact that the 
walls, which act asa reservoir to store up and impart this heat, 
yield it to the steam at the right time, that is, during expansion. — 
If no jackets are used the heat given up by the walls to the steam 
escapes to waste into the condenser. ‘I'he temperature of the 
steam-jacket should therefore be maintained as high as possible. 


TABLE OF EXPERIMENTAL RESULTS WITH AND WIT.°OUT STEAM IN JACKETS. 





With Steam Without Steam 











7 in Jackets. | in Jackets. 
Number of revolutions per minute . . . . 24 19 
Mean boiler-pressure:. 2. . 1... Ibs. 53 "3 
Mean temperaturo of fecd-water. . . . . . | 72° Fahr. 74° Fabr. 
Consumption of dry steam per LHP. per hour of 99°7 98°5 
; nen raised ( Weare included) os ibs} | 
abs. of steain (with 5 per cent. water ur Lb. of ie : 
Newcastle won ; : Gace. oo / ee Abad vor mas 
Consumption of coal per LHP. per hour of water 6:3 8-0 
YAISOG, 0g. Gk. epee SR OS ad Ibs. 
IHP. forcach engine. 2. 2. 2... 81°] 65°7 
Efficiency of engine (proportion between work | 
done in water raised und indicated work) 85°22 | 83°45 
per cent. | 
Consumption of dry steam pcr LHP. per hour 19°3 ! 93:8 
Qackets included). . 1. we That | 
Work due to the high-pressure cylinder in per-}! 524 : G0 
centage of totak. 2... ww ee } 
Work due to tho low-pressure cylinder in por- 474 40 
centage of total. 2. ek, } 
Proportion of consumption of steam in the 6-25 | 
jackets tutotal. 2. 0. 0... oper snk : | 
Condonsation of steam in the cylinder during 98 | 40:4 
admission... wee eSC*perr eta 





In the original Paper an outline drawing of the engine, and 
copies of the indicator diagrams are given. 
: B. D. 
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| Graphic Method for Determining and Counterbalancing the 
Centrifugal Action of the Connecting-Rod. 


By Passed Assistant Engineer A. B. Canaaa, US. Navy. 
(Journal of the American Society of Naval Engineers, 1890, p, 433.) 


The Author finds graphically the path of the centre of gravity 
of the connecting-rod, and its velocity at all parts of the path. 
The tendency of the rod to fly off at a tangent to its path is ever 
changing in amount, since the radius of curvature of the orbit 
and the velocity of motion along it are not constant. 

Having found the mean radius of curvature, and the mean 
vélocity of the centre*of gravity, a diagram is constructed from 
which the weight of the counter-balance necessary to counteract. 
the part of the cerffrifugal action of the connecting-rod which 
comes upon the crankgpin, can be determined. 

Diagrams so made for an engine 6 inches in diameter, and 
12 inches stroke, show that two-thirds of the weight of the rod 
acting on the crank-pin is to be balanced by a counter-weight, 
and the Author thinks that this will monorail be found to bo 
more nearly what is required than half the weight of rod, as 
recommended by some text-books. 

S W. B 


The Kffective Area of Screws. By VD. 8. Jaconus. 
(Transactions of the American Society of Mechanical Engineers, 1890, p. 1028.) 


Experiments made for the purpose of determining the effoctive 
areas of screws are described, and the results aré said to confirm 
the statement in Rankine’s “Shipbuilding,” p. 89, that, “ The 
effective area is the sectional area of the stream of water laid hold 
of by the propeller, and is generally if not always greater than 
the actual area in a ratio which, in good ordinary examples is 1°2 
or thereabouts, and is sometimes as high as 1°4.” 

The ratio of the effective- to the actual disk-area of the screws 
experimented upon was found to be as follows :— 


Tug-boat with ordinary true-pitch screw . . . . . . . 1°42 
es »» Screw having blades projecting backwards . . 0°57 
Ferry-boat “Bergen” with) at speed of 12°09 miles per hour . 1°53 
ordinary true-pitch seat 5 3 13°4 rr $9 . 1°48 
Steamer “ Homer Ramsdell” with ordinary true-pitch screw . 1°20 


The low ratio in the case of the screw with blades thrown back- 
wards is considered to be partly due to thg fact that the blades 
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were exceptionally thick, and 25 per cent. less In area than those 


of the screw it replaced. ee ee 
The dimensions of the screws and data from which the ‘above 


results are derived are :— 

















Tug-boat. Homer 
—_—— Bergen. api Paes Ramp- 
« Ordinary} Special dell. 
screw. | screw. 
Diameter of screw in feet . 2. 2... 8 8°5 8°5 1-1 
Pitch . 8:9 12°0-} 14°0 |15°8 


Velocity of the boat through the water in |-------.——-- - 

statute miles per hour ~ « © | 12°09 13°40) 11°77) 11°32:16°02 
Velocity of slip in statute miles per hour | 2°18 2°88) 1°73) 4°5 | 2°00 
Total indicated horse-power .  .  . . |435°4 684°7 (342-6 [329°5 | 1063 
Estimated effective horse-power . .. re "1 420°1 alee 202°1 | 652 





The effective horse-power is taken as equal to 0-613 I.HP. 
5. W. B. 


eH 


A Pneumatic Accumulator for Hydraulic Machinery. 
(Stahl und Eisen, vol. xi. 1891, p. 132.) 


This arrangement, invented by Messrs. Prétt and Seelhoff, in 
which the ordinary dead weight loading of the accumulator plunger 
is replaced by an air-buffer or compressor, is intended to prevent 
the danger due to the shock, at the change of stroke of heavily 
loaded accumulators when working at high speeds, and also to do 
away with the necessity of air-vessels on the pressure-mains, in 
which case the drawing over of air with the driving water is 
prevented, and @ high hydraulic pressure may be produced by a 
much lower one of air. 

As represented in the figures accompanying the description, the 
accumulator consistsessentially ofan air-cylinderand plunger placed 
above a water-cylinder and plunger, which are firmly connected by 
a, framing of three vertical columns. The area of the upper plunger 
is ten times that of the lower one, so that when there is a pressure 
of 50 atmospheres in the air-vessel with the plunger at the bottom 
of the stroke, the pressure in the hydraulic cylinder will be 
500 atmospheres when the plunger is lifted by water from the 
driving pumps. This pressure will of course go on increasing from 
the diminution of the space for the enclosed air as the piston 
rises, and conversely the pressure will diminish as the plunger falls, 
and water is drawn from the main by the machines at work. 
When this variation of pressure is not desired it may in some 
degree be prevented by making the body of the plunger hollow, 
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and using it as a reservoir, or the working °cylinder may be 
connected with a series of air-reservoirs by a pipe passing through 
the top cover. In an accumulator built for the Bochum Steel Works 
six of these reservoirs, 28 inches in diameter and 13 feet high, are 
used, the air-plunger being 30 inches in diameter. These were 
calculated to give a difference of about 10 per cent. between the 
beginning and end of the stroke, but in reality the inequality is 
considerably less, and in very rapid work the pressure at the end 
of the stroke is even a little in éxcess of that at the beginning, a 
result due to the work due to the mass of the plunger. Fewer 
reservoirs will therefore suffice, and four are now considered to he 
a more convenient number. In some instances, however, a com- 
paratively rapid rise or fall in working pressure may be desirable, 
and in such cases the air-vessels may be dispensed with, or a valve 
may be placed on the Communicating pipo which opens when the 
pressures exceed the required maximum, and closes automatically 
when the plunger is at the top of the stroke. An arrangement 
whereby the end pressure is about half that at the beginning of 
the stroke is found to be a most convenient one. 

The air in the cylinder being a constant quantity, moving only 
between it and the reservoirs, does not require renewal excopt 
in case of leakage through the packed joints of the plunger. 
This is prevented by keeping a layer of fluid, preferably oil, in 
the bottom of the cylinder which prevents the air from coming in 
contact with the packing. A further source of leakago, namely, 
though the hody of the cast steel plunger is similarly prevented by 
a watertight wrought-iron lining, enclosing a sinall annular space 
which is filled up by the oil, and so keeps the air out of contact 
with the steel casting, which, however good it may be will always be 
somewhat permeable when pressures of 50 atmospheres and upwards 
are used. For very high pressures the wrought-iron air-cylinder 
may be protected by a similar oi] casing against leakage, or fluid 
carbonic acid may be used instead of air. In the latter case 
glycerine must be substituted for vil as a hydraulig packing. 

For cranes and other machines, where a comparatively low 
working pressure is sufficient, both air- and water-plungers may 
be made of the same diameter, so that no increase of pressure is 
obtained and the construction is somewhat simplified. 

The largest accumulator of this kind constructed up to the 
present time, was started in July 1890 at the Bochum Steel Works, 
where it replaced one with a dead-weight load. The working pres- 
sure is 500 atmospheres. A similar one has since been constructed 
for the same company’s branch establishment at Savona in Italy. 
A smaller one has also been at work for about a year and a half 
at the Wissem Steel Works, and two others of the kind represented 
in the accompanying plate are in construction, the larger one being 
intended to work a forging press, and the smaller one a lifting 
plant. 

H. B. 
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On the Effect of Preservative Agents on Mine-Timber. 


(Comptes-Rendus Mensuels de la Société de I’Industrie minerale, November, 1890, 
p. 223.) 


At Saint-Eloy in Auvergne, experiments on the effect of 
antiseptic agents on the duration of timber underground, have 
been carried on since 1879, upon the following description of 
timber :— 


1. Oak from the Allier . . . . . . 35 years old. 

Qe . 35 ‘5 Niévre . . . . . . 27 a 

3. Fir a AUER <<: « + « « 12 222 a f 
‘4. Pine ,, - cite ite a bet ey oe 

5. Birch ,, re - + «+ « « « pk inches diameter. 

6. Beech ,, ae de. ase Se we “ * 

7. Poplar ,, rs wm a. ae Oe - s 


Method of treatment.—A stem of each description of wood was 
sawn into fifty-two disks, each }-inch thick, the first and last of 
which were preserved in their natural condition above ground in 
the open air, but protected from damp, the remaining fifty were 
placed in a kind of cage in a damp level underground where the 
prevailing temperature was about 75° Fahrenheit. ‘wo disks in 
cach ten were left unprotected, while the remainder were sub- 
jected to treatment by the following substances :— 


1. Sulphate of iron. The strength of the solutions varied from 100 to 
2. Sulphate of copper.) 450 grams of the salt to 1 litre of water, and the 
3. Chloride of zine. period of immersion from one hour to four days. 

4. Creasote, of the impure commercial kind immersed for similar periods. 


5. Painted with three coats of the following oil colours: Pure white lead, 
white lead and yellow ochre, white lead and emerald green, red lead, white 
lead and Jamp black, white lead and prussian blue. 

6. Tar mineral ¢nd vegetable, immersion for five minutes. 

After preparation, the samples were kept in the office at the surface for fifty 
days before exposing them underground, and they were subsequently examined 
at five different periods—namely, six months, one and ao half year, two and a 
half years, three and a half years, and eight and a half years, the amount of 
alteration being laid down on a diagram which accompanies the Paper (Plate 
XXXIV.) From this it appears that the unprotected specimens were almost 
all destroyed in a comparatively short time—two and a half years to three and 
a half years—the observed order of durability being as follows :— 


No. 1. Beech. | No. 5. Bireh. 
” 2. Oak No. 1. \ ” G. Fir. 
» 3. Poplar. ® » «@ Pine. 
» 4 Oak No. 2. 


The preservative effects of the different substances employed 1s 
aly in the following table, which represents the increase in the 

uration of the protected specimens in terms of that of the unpro- 
tected ones, the latter being taken as unity. 
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_ Oak. | Oak. | Fir, | Pine. | Beech. i Birch, | Poplar. 

e No, 1.) No. 2. / | | . 
Tar. ©... | 28°7 | 246 263-5 | 875 1 105-4 26-2 | 180°5 
Chloride of zine . {| 10°5 | 9°20 300 | 2SB IW G B25 34°7 
Oil Paint . .. . G1 )10°2 SLT | O45 25-0 | 12+ 2°5 
Sulphate of copper | 42:1 | 26-4 12°0 | 80 — 48 2°5 15'5 
Sulphate of iron . | 18'0 , 12°5 ADL | 4-2 | 4:7 | BH | 2:9 
Creasote . .. . 1°7 | O9 2:5 | 414) OG | B: | 1°3 

! ‘ | * 
H. B. 


The Darjiling Coal-field between the Lisu and Ramthi Rivers, 
o by P.N. Bosz, B.Sc. 


(Records of the Geolpgical Survey of India, vol. xxiii. 1890, p. 237.) 


The Author describes, with the aid of a map, the economic 
geology of the Darjiling coal field. Though observed by Sir Joseph 
Hooker in 1849, this coal was neglected until 1873, when tho 
completion of the Northern Bengal State Railway give it a new 
importance. In that year Mr. F. R. Mallet reported against the 
workability of the deposit. ‘he district has now been re-examined 
by the Author, and the discovery of thick seams of coking coal 
appeared so promising that it was considered advisable to ascortain 
their extent by excavations. All the rocks in the district havo 
been greatly disturbed, and the crushing effect is specially notice- 
able in the shales and coal. The Author describes the various 
coal seams, giving a tabular summary of the principal ones, twonty- 
five in number, not less than 5 feet in thickness, omitting those 
which have been too highly altered by contact with igneous rock 
to be of value. With regard to quality, the coal may be classed 
under three heads :— ° 


A. Cakes strongly. Ash less than 16 per cent. 
B. Cakes strongly. Ash between 16 and 22 per cent. 
C. Does not cake. Ash between 22 and 33 per cent. 


The average percentage of ash in coal of class A is 12°23, and 
that of fixed carbon 61°44. The Darjiling coal (average of eight 
assays of classes A and B) may be compared with the Raniganj 
coal (average of thirty-one assays) as follows :— 


Ne a ee 


| Moisture and | Fixed | Ash 
| Volatile Matter. | Carbon. | : 








eS oo nee Seal 


Darjiling. . . . . «| 59°56 22°94 | 17-43 


: 
Raniganj. . . . . . 53°20 80°63. 16-17 
i | 
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The utilization of the Darjiling coal depending largely upon its 
coking properties, practical tests were made in three kilns erected 
for the purpose. The coke produced was of good quality, con- 
taining but 0°62 per cent. of sulphur. The fact that so many of 
the outcrops have yielded good coke is the most hopeful feature 
about this coal-field. With regard to the quantity of coal available 
the Author confines his calculations to the central portion of the 
explored area. In this area of 97 acres, there is 5,592,645 tons of 
good coal almost immediately available. In this calculation, all 
coal with more than 22 per cent. of ash is neglected, the limit of 
workable depth is taken at 1000 feet, and the Author restricts 
himself to seams he has actually traced. For the whole area 
explored, which measures about 1 square mile, a fair estimate of 
the amount available is 20,000,000 tons, or 30,000,000 tons of coal 
if class C is also taken into account. ee 

At the present time the difficulties of trangnort are considerable. 
The coal-field is advantageously situated with reference to mineral 
resources; important deposits of iron ore, of copper ore, of arsenic, 
and of tufaceous limestone occurring in the vicinity. Labour is 
searce, as the district is scantily populated, and if the coal were to 
be worked, Nepalese labourers would have to be obtained. The 
cost of extraction of the coal would be less than in the Raniganj 
and Giridih districts, as, owing to its crushed condition, the coal 
can easily be dug out with picks. Extensive timbering would, 
however, probably be required. On account of its high dip, the 
coal has been brought to the surface, and consequently it will not 
be necessary to sink shafts through unproductive rocks. 

B. H. B. 


The Coal Seam of the Dore Ravine, Hazara. 
By C. 8. Minpiemiss, B.A. 


(htecords of the Geoloyical Survey of India, 1890, p. 267.) 


The Author gives two sections of this coal-seam, which has been 
erroneously described by the engineers in charge of the mines, as 
lying with the adjacent limestones in the form of an anticlinal 
arch cut through by river action. The order of the strata on 
the left side of the section is, however, not the same as on the 
right side. As a matter of fact, it is inverted. The difficulties 
imphed by such a structure are fatal to the development of the 
coal-field. In working the coal on the north side of the river, the 
engineer must be prepared for the continuous increase in the dip 
of the bed, until within 300 feet from the surface it assumes an 
angle of 80°; whilst on the south side it will pass the vertical 
until it rests at 80°, dipping in the same direction as the coal on 
the north side. These circumstances will necessitate expensive 
working. ‘The Author is, however, confident that large quantities 
of serviceable coal may be extracted from the outcrops. 

, B. H. B. 
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Experiments with Botler-Plate Materials made at the Royal 
Technical College, Berlin. By — Rupsgtorr, Chicf-Assistant. 


(Mittheilungen aus den koeniglichen technischen Versuchsanstalten zu Berlin, 
1890, p. 289, 5 tables, 2 plates.) 


Parg IT. 


The specimens were cut from plates of welding i iron, Thomas 
iron and Siemens-Martin iron, in the condition in which thoy were 
delivered, z.e., unannealed and tested in a Werder machine with 
the following mean results :— 


© J.—Wity Grain. 





| 
| Elongation on ! 
ee of Limit of | Breaking — ..° Reduction 


























Material. Klasti@ity. Hlasticity.| Stress. 3°93 Ins. | 1°06 Los. of Area. 
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Il aie leae on 
































NS pe attr 





Material Modulus of Limit of | Breaking | -..-. ase Reduction 
; , Elasticity. Elasticity. | Stress. 3°93 Inve] 1-6 Ins. of Area. 
26st, Syke Te oie Meech Neti a ee eee | 
; Lbs. per Tons per | Tons per : ees 
| Sq. tr. Sq. In. Sq. In. Per cent. | Per cent, | Per cent, 
Welding-iron . | 29,400,000 | 15°8 | 21-6 17-2 | 199 | 24-7 
inten | nee 


Thomas iron . ; 29,200,000 | 18-1 | Bie7 | 25-8 | BB | Age 


een eens eR | + omen menaennnat 











ca paraEs | 28,900,000 | 1 13-6 | 22°3 ! o8-2 | 37-7 5-9 


| ED RS TR 


21°8 | 30:7 89-2 «| BTR 

















1ron . . ° 


' 


grata 29,000, 000 | 13°25 
| 








The chemical tests are given in full, but do not show the same 
uniformity as the mechanical tests. 


' Minutes of Proceedings Inst. C.E., vq]. cii. p. 75. 
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The Author next carried out experiments to ascertain the effect 
of annealing and tempering the various materials with the 
following results. 

The annealing makes very little difference, but the differences 
due to hardening are more noticeable. This difference, however, 
cannot be due to irregularity in hardening as the same effect is 
noticeable both with and across the grain. Comparing the means 
of the annealed specimens it is found that the breaking stress is 
lowered in pieces tested with the grain by 7 per cent. and across 
the grain by 5 per cent., while the extension was increased in 
both, but not uniformly. 

Effect of hardening is most marked in the case of the Siemens- 
Martin iron, where the breaking stress is increased by 71 per cent. 
and the extension decreased by 55 per cent. For the Thomas iron 
the values are 54 per cent. and 45 per cent. respectively, and for 
the welding iron 34 per cent. and 45 per cent. 

The fractures are minutely described and well illustrated by 
photographs. 

In the punching tests in the annealed, hardened, red-hot and 
blue-hot conditions the welding-iron is less tough than the 
Thomas iron. All tests showed the injurious effect of working at 
a blue heat and hardening. In annealed and red-hot conditions 
all the specimens were bent double without fracture, whereas 
this was not the case with the blue-hot and hardened specimens. 

The hot bending tests were carried out as follows: Specimens 
1°57 inch and 2°36 inches broad 6 inches long were nicked in 
the centre with a chisel to a depth of about 0:07 inch, warmed 
over a charcoal fire and put into a lead bath. Right temperature 
was ascertained by the colour of the specimen, and then specimens 
were broken with a sledge-hammer as quickly as possible, and 
arranged in 81x groups, according to the fractures, without 
reference to the test numbers. The angles at fractures were not 
taken, but the Thomas iron bent very considerably less than the 
Siemens-Martin iron. 

The cold bending tests were carried out by nicking one side 
with a chisel to the depth of about 0:07 inch, and then bending 
the specimens in a press until fracture occurred, in order to show 
the nature of the material by the fracture. Twenty-four specimens 
were broken with and across the grain, and arranged in eleven 
groups according to the fractures without reference to the test 
numbers. Photographs of fractures are appended to the Paper. 
The Thomas iron shows by a long way the smallest angle before 
fracture. In the red-hot tests there is a considerable falling off in 
the angle in the case of the Siemens-Martin iron, #.e., from 117° to 
72° wrth the grain, and from 127° to 80° across the grain. 

The Author then sums up in the following general conclusions :— 

(1) In spite of the small percentage of phosphorus in the 
Siemens-Martin iron, the breaking stress was the same for annealed 
and unannealed conditions, whilst the effect in materials rich in 
carbon was more ma~ked. According| to the punching tests the 


Abstracts.) EXPERIMENTS WITH BOILER-PLATE MATERIALS, 399 


materials with high percentage of carbon and low percentage of 
hosphorus seem to be the toughest. 

(2) The Thomas iron with approximately the same chemical 
composition as the Siemens-Martin iron, both being rich in carbon, 
shows in the annealed and unannealed condition a higher breaking 
stress and lower extension. 

After hardening the effect on the breaking stress is tho samo 
for all materials. P 

(3) The effect of hardening according to the-tension tests is 
least noticeable in the Thomas iron, and according to the punching 
tests it is more marked in the Thomas iron than in the Siemens- 
Martin iron. 

(4) According to the hammer tests the working at a blue-heut 
has an injurious effect on all the materials, and according to the 
bending tests the Thomas iron is most influenced. 

(5) From the abovg it appears that the Thomas iron ought not 
to be prohibited, as is the case, for use in boiler ene 

. ae ae 


Experiments on the Effect of Pickling and Rusting on the 
Strength of Iron. By A. Leprsur. 


(Mittheilungen aus den Koeniglichen technischen Versuchsanstalten zu Berlin, 1890). 
Supplement I.) 


These experiments have been undertaken in order to obtain 
further information concerning the brittleness imparted to iron by 
the action of acid in pickling and by atmospheric rusting, which had 
been previously announced by the Author and other investigators, 
and to determine whether dangerous deterioration was likely to 
ensue from such causes. ‘'he former experiments having mostly 
been made with wires it was considered most desirable to exten: 
them to objects of larger section, such as rails, joists, and bars. 
That has accordingly been done with the following articles :— 


1. Steel rails, the Prussian state line section from Krupp’s. 

2. Wrought-iron joists, 94 x 34 inches, from Koenigshutte. 

3. Wrought-iron round bars, 0°8 inch diameter, from Lauch- 
hammer. 

4. Steel round bars, 0°8 inch diameter, from Peine. 

5a. Wrought-iron wire, 2°2 millimetres diameter, from Felten 
and Guilleaume. 

5b. Steel wire, 2°2 millimetres diameter, from Felten and 
Guilleaume. 


These were treated in the following manner :~ 


I. In the condition as delivered. 
Il, After exposure for the purpose of rusting. 
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III. Zincked (galvanized) and tested at once. 
IV. Galvanized and exposed for a time. 

V. Pickled in acid and immediately tested. 
VI. Pickled and kept for a time in a dry place. 


The pickling was done with sulphuric acid diluted with water 
in the proportion of 1:100, and the metal was protected from 
direct attack by covering one end with melted zinc, the time of 
immersion being seventeen hour’. In a few instances, in order to 
render the effect more visible, stronger acid 1:50 and a period of 
forty-one hours was used. The alteration due to rusting by two 
months’ exposure was, except in a few instances, scarcely appre- 
ciable, and a continuance of the experiments for a longer period 
was likely to have led to a partial destruction of the material and 
to erroneous conclusions from the result. ~ 

The samples were tested transversely in tension and com- 

. pression, and under a falling weight, three experiments being made 
-on the same sample for each of the six conditions, and the 
ytabulated results given at length fill twenty-four pages. The 
ygeneral conclusions given in the introductory report are as 
" follows :— 

1. Bending tests with wrought-iron joists —The elastic properties, 
amount of bending, and limit of proportionality are substantially 
the same for all the conditions tested, the flexure for given loads 
being almost identical when the average results are compared. 
‘The maximum loads carried show differences, being highest in the 
natural conditions and lowest when freshly pickled. Rusting 
also produces a diminution in strength, which is more apparent in 
the galvanized than the ungalvanized pieces. In the few instances 
where the specimens were broken by the tests, the diminution in 
strength is very decided in the pickled and perceptible in the 
rusted specimens. The figures for these are :— 


Conditions. 1. II. Iv. Ni VI. 
> ;Yons. = Tons. Tons, Tons, Tons. 
Breuking-strain . . 0... BS 33°9 32°7 29°6 30 


Bending-tests with steel rails—The length between the supports 
was 1 metre; none of the specimens were broken. The average 
values from the results show that neither elastic nor ultimate 
strength are affected by any of the methods of treatment; the 
rusted specimens, whether galvanized or not, giving rather the 
highest figures. This may possibly be due to the chemical 
composition, which is as follows :— 


Carbon. Silicon. Manganese. Phosphorus. Sulphur. Copper. 
Par cenit: Por cont: Per cent Per cent. Per cent. Percent: 
0°25 0°21 0°47 0°10 0°06 0°08 


A very marked difference was observed in the behaviour of the 
pickled specimens, those of wrought-iron, even after immersion for + 
several hours in limu-water to remove all traces of free acid, gave 
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off a strong smelling gas, probably a hydro-carbon compound, for 
several hours, while those of steel were perfectly odourless. This 
seems to show that acid sets up chemical changes in wrought-iron 
that it is not competent to produce in steel. 

Tensile-tests with round steel and iron bare.—Neithor ultimate nor 
elastic limit was sensibly altered by any method of treatment under 
the conditions of the experiments; but it is considered that ditfor- 
ences might have boen produced had the action been longer con- 
tinned. i ° 

Tensile- and bending-tests on wires. —The strength of ungalvanized 
wire, both of iron and steel, is diminished by rusting. Galvanizing 
diminishes the absolute tenacity, but. increases the proportion of 
elongation. The elastic linit and ultimate tensile strength 
observed for the different conditions were :— 
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These results indicate that the diminution of flexibility in picklod 
and rusted wire is less than that obtained in previous experi- 
ments. This, however, 1s mainly due to the circumstances that in 
the latter the acid used was stronger, or the action if weak was 
allowed to continue for a much longer time. re 

Compression-tests with iron and stccl._—These were applied to test- 
pieces 30 and 50 millimetres high. No very sensible differences 
due to treatment were observed, the diminution of height for 
successive equal increments of weight being about the same. The 
ultimate strength was not determined owing to the bending of 
the test-pieces and the limit of power in the machine, which was 
100 tons. Under the impact of a weight, viz., 56:7 kilograms 
falling 1 metre, freshly pickled wrought-iron was bent about 
10 per cent. more by the same number of blows than when in tho 
state received from the works. ‘This effect was obtained with the 
steel specimens. A supplementary series of bending and falling 
weight-tests was made upon bars about 48 millimetres square of 
steel of the following composition :— 


Carbon. Silicon. Manganese, Phosphorus. Sulpbur. 
Per cent. Per cent. Per cent. Per cent. Per cent. 
0°51 0°75 1:42 0:08 0-094 


[THE INST. C.E. VOL. CIV.] 2 1 
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both in the natural condition and after pickling with acid 1:50 
for forty-one hours. There was no difference in the elastic limits 
under steady loading, but by impact the pickled specimens bent 
more readily after the fourth blow than the unprepared ones. 
The breaking-strain under either condition was sensibly dimin- 
ished from 142:7 kilograms to 126°8 kilograms under steady 
load, and from 1643-5 net kilograms to 895°6 net kilograms 
total energy of blow to produce fracture by the falling weight. 
The diminutiofi is not, however, as large as that observed by 
previous experiments, where the breaking strain was reduced 
from 169°5 kilograms to 102°5 kilograms by pickling. The latter 
results were, however, obtained with bars of smaller section—22 
millimetres as against 48, and remained in the acid for nine days. 
The steel treated on the present occasion was also exceptionally 
rich in silicon, which no doubt added to its resisting power. 

As regards chemical composition the susceptibility of iron to 
become brittle by pickling and rusting is least in cast-iron and 
silicon steel, and highest in wrought-inon, and, according to 
Bidecker, in high-carbon steel. Combined carbon appears to 
increase the action and silicon to diminish it. The influence of 
manganese in either direction has not as yet been determined. 


H. B. 
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Test of Ores from Schemnitz and Altai at the Alsé Kapnik- 
banya Smelting-Works. By Karu Lasker. 


(Berg- und Huettenmaennische Zeitung, 1891, p. 33.) 


To supplement the description of the Alsé Kapnik smelting- 
works, published 1889 and 1890,! the Author now gives the results 
of two trial lots of ore treated by the Bittansky process. 

In consequence of the previous Papers on this subject containing 
such authentic proofs of the economy of this method numerous 
applications from home and foreign mines (including distant 
countries such as Transvaal and Australia) have been received for 
treatment of their ores. This has been permitted, and representa- 
tives are invited to study the operations. The results given 
below have been verified by actual sales of the metals extracted 
to the mint and other quarters. The following gentlemen were 
present during the whole of the process: Mr. V. Laske, Mr. E. von 
Bittansky, Mr. A. Maly, Mr. N. von Koksharof, and the manager 
and officials of the works. 


I. Test or Ores FROM ALTAI. 


The ores consist of iron and copper pyrites, zincblende, galena, 
quartz, and gauque, carrying small quantities of gold and silver. 





1 Berg- und Huctten.naennische Zeitung, 1889, pp. 413, and 1890, pp. 203. 
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The proportion of zincblende varies from 45-48 per cent., and 
in consequence smelting would not be an economical treatment for 
this ore, even if fuel were abundant and cheap in the neighbourhood 
of the mines, which it is not. The Bittansky process is therefore 
very suitable, with the exception perhaps that the zinc is not 
recovered, a previous hand-picking or dressing is advised to avoid 
this loss. The ore arrived in three parcels; the combined weight 
was 4 tons 1 cwt. 2 qrs. 26 Ilbs., consisting of 60 per cent. 
leaching material (metallic sulphides), and 39 per cent. of sulphide 
of zinc, and containing 1°89 Ibs. of copper, 20°3 Ibs. of lead 
3 dwts. 7 grs. of silver bullion, and 1 dwt. 7 gers. of gold. 

After mixing the ore was subjected to a preliminary roasting in 
a reverberatory furnace, as it contained too great a quantity of 
sulphides to enable a direct chlorinizing roasting in the Bode 
furnace (50 per cent. being the limit this furnace can cope with 
efficiently). This prgliminary roasting completed, the patent 
process was gone through in the usual manner, with the result 
that 92°4 per cent. of the silver, 89 per cent. of the gold, 36 per 
cent. of the lead, and 100 per cent. of the copper contained in the 
ore was extracted. | 

The cost for roasting and leaching was 1s. 7d., that of smelting 
and refining the products 11°6d. per cwt.; total cost 28. 6°64. per 
ewt. In the year 1889 the cost of treatment of this class of orc 
was 3s. 4d. per cwt. 


II. Tesrixnc or ScuemMNitz OREs. 


The ores were delivered in three parcels, viz :— 

I. Silver slimes containing 21 per cent. of leaching material, 4°9 
per cent. of sulphide of zinc, and 6 dwts. 12 grs. of silver bullion, 
and 1 dwt. of gold to the cwt. of ore. 

II. Silver slimes containing 30 per cent. of leaching iaterial, 
5*1 per cent. of sulphide of zinc, and 4 dwts. of silver bullion, 
and 1 dwt. 8 grs. of gold to the cwt. of ore. : 

III. Silver ores containing no leaching material, £°9 per cent. 
sulphide of zinc, 6 dwts. 8 grs. of silver bullion, and 6°8 grs. of gold 
to the cwt. of ore. 

The whole consignment weighed 88 tons 14 cwts., and contained, 
on the average, 11 per cent. of leaching material, 4°9 per cent. 
sulphide of zinc, and 6 dwts. 8 grs. of silver bullion, and 124 grs. 
of Bold to the cwt. of ore. 

order to ensure -the most perfect method for conducting the 
chlorinizing roasting, preliminary tests were made on small parcels 
of the ore, both in the Bode furnace and reverberatory furnace, 
the best and cheapest result was obtained in the reverberatory 
furnace with 9 per cent. of leaching material. The bulk test was 
therefore accordingly conducted with the excellent result, that the 
total loss of silver amounted to only 1°85 per cent., and that of 
gold to 24-17 per cent., while 125 lbs. of copper and 720 Ibs. of 
lead were also extracted, which metals had not been taken into 
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account in the valuation of the ore on account of the insignificant 
quantity in which they existed. The cost (not counting the 
expenses of management ) were for roasting and chlorinizing 11° 88d., 
for leaching 6°‘96d., and for smelting and refining the products 
9°36d. per cwt., or a total cost of 28. 4:2d. per cwt.; to this must 
he added the value of the copper and lead, giving an equivalent 
of an additional 2°2d. per cwt. 

The cost of treatment of these ores sae Schemnitz is 68. 3d. per 
cwt. There is,° therefore, 28. 4°2d.—2:°2d. + 1s. 2d. for manage- 
ment = 3s. 4d. against 6s. 3d., or a saving of 28. 11d. per cwt. 

L. L. 
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The New Chimney-Stack at the Halsbrueckner Works, Freiberg. 
By O. Hurrryer. 


vs 
(Oesterreichische Zeitschrift fuer Berg- und Huettenwesen, vol. xxxix., 1801, p. 96.)! 


The new chimney at the Halsbrueckner smelting works, which 
was completed at the end of October 1889, and brought into use 
about six months later, is intended to carry away the deleterious 
gases from the calcining and blast furnaces and discharge them 
into the atmosphere at such a height above the ground to prevent 
any nuisance to the surrounding habitations, for which purpose a 
height of about 100 metres (324 feet) above the highest ground 
in the neighbourhood was determined to be sufficient. The 
selected site is on a hill overlooking the Mulde valley about 
12 metres before the summit, and distant about 450 metres from 
the works, with which it is connected by a flue following the rise 
of the ground. The total height is 140 metres, the top being 
200 metres above the level of the lower part of the works. ‘The 
leading dimensions of the chimney, which is of circular section, 
are :-— ‘ 


Total height 2... 0. 6. ee 140s metres 
Height of base. i le 3] rs 
Diameter of stack at top (inside) Ba cs 25s 
at base, . . . 2 55 

Thickness of stack-wall at top . OP 2-55 

Pr at base. 1°50 ,, 
AV erage thickness throughout . 0-837 , 
Bearing surface at base... we 31°8 square metres 
Outside batter of stack .. ae 1 in 50 
Bottom breadth of rectangular base. 10 metres 

” $4 foundation pillar. 12 4s ‘ 


In the determination of the thickness of the walling the 
following data were assumed :—Wind pressure, 150 kilograms per 


1 This is an abstract of a longer illustrated description in “ Jahrbuch fuer das 
Berg- und Hucttenwesen im Koenigreiche Sachsen, 1890.” . 
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square metre efiective upon one half of the complete surface 
projection ; coefficient of stability, 4:3; and weight of the finished 
brickwork 2,000 kilograms per cubic metre. The corresponding 
pressures under the maximum wind effect are :— 


Kiloa per Square 
Centimetre. 


On the stack and base. . . . . . . (|G 
o foundation. . . . . ... 9 
Pr ground, solid rocl®, 6 6 6 we tl 


While the maximum pressures due to the load at rest aro :— 


Kilos, per Square 
Centimetre, 


On the bottom of the stack . . . .) . 18 
‘9 es base, 2. wee 
y re ground .. . eS 38 


In order to keep* the maximum loading within the limit 
adopted, 17 kilograms per square centimetre, it has been necessary 
to make the lower part of the stack up to within 94:3 metres of 
the top thicker than is required on the mere consideration of 
stability alone. 

The total height of the stack is 131 metres, which is divided 
into twenty-six annular sections, each diminishing in thickness 
upwards by 5 centimetres in each section. ‘Tho sections aro of 
varying height, the thickness at the top of each one in ascending 
order from the base being as follows :— 


Metres. Metre. Metres. Metre. 
At Blo...) 150 ; At 68°9 0°85 
a. O'S 1°45 » 815 ~ - « O80 
» 98 1°40 » $9°8 2. O75 
» 124 1°35 : » OA . 0°70 
wo dod 1°30 ; » 98-4 » O65 
» 18°6 1°25 » 102°7 0:60 
“4 ls 7 1°20 ~ 106°7 ‘ O° 50 
y 2t 8 , ivlo » 110°7 ee 0°50 
4.209 : 1°10 . »» 114°7 £8, O45 
» 31-0 1°05 ; » 118-7 0-40 
5 8t°3 1°00 , ae yaar 0°35 
» O18 0°95 » 126°7 0:30 
» 96°38 0-90 » 131-0 0°25 


The material used is a hard-burnt pressed brick from Ilse, near 
Sentenberg, having a mean specific gravity of 2:05, and a re- 
sistance to crushing of more than 400 kilograms per square centi- 
metre, the absorptive capacity measured by the increase of weight 
by immersion in weak acid or water is from 4°5 to 4°8 per cent. 
The excellent character of this brick allowed the reduction of the 
upper section to the small dimension of 25 centimetres in 
accordance with the precedent of the Mechernich stack of 135 
metres. 

The standard composition adopted for the mortar was one 
part of cement, nine of Bohemian hydraulic #ime, and twenty of 
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Dresden building sand, ail by volume. In the upper length of 
90 metres the proportion of cement was doubled in order to hasten 
the work, and the last course at the top was increased to four 
parts. The entire outer surface of the stack was pointed with 
mortar made of equal parts of sand and cement. 

In order to prevent the penetration of the brickwork by the 
chimney gases, the facing of the inside rings were tarred on one 
face by immersing them at one end for four hours in boiling tar, 
which was done at the works immediately after drawing them 
froin the kiln. The inside pointing was done with a mixture of 
four parts of Dresden sand to one of infusorial earth boiled in 
tar and worked on hot. 

The brickwork is further protected by iron rings of 70 by 
12 millimetres section, put together in four segments whose 
distance from each other is taken at two-thirds of the diameter of 
the stack at the corresponding level, and that which has the 
effect of bringing them closer together as the height increases. 
The cap of the chimney is of cast-iron U settion built up in sixteen 
segments, which enclose the top of the stack. The butt edges of 
the segments are provided with projecting lugs, which support 
cast-iron cappings covering the joints. By this arrangement the 
iron cap 1s made entirely independent of the brickwork, and is 
free to expand and contract without reference to the latter. 
Climbing irons are provided both inside and outside. The inner 
ones are in double series opposite to each other, and were used for 
supporting the bearers of the lift pulleys during the building. 
The outside irons are supplemented by safety staples placed 
S+ centimetres apart, which not only serve for protection in 
climbing, but as a support for the back while resting. ‘T'wo 
10-millimetre copper lightning-conductors are carried down the 
outside, cach having its own copper earth-plate of 2 square metres 
surface at a distance of 90 metres from the bottom of the chimney. 
One of them is buried in damp ground, while the other is placed 
in a cistern ,through which a current of water is constantly 
flowing. At the top both are connected by an iron ring to the 
cast-iron cap, and one of them is further in conductive connection 
with cach of tho iron outside rings of the stack. 

The work was carried out by contract by Mr. H. R. Heincke, of 
Chemnitz, the first course of the foundation having been laid on 
the 28th September, 1888. The rock, a compact gneiss, was dressed 
up by hand and levelled by a bed of concrete 10 centimetres 
thick, upon which the brickwork was begun: The foundation pillar 
and half the height of the base block, 650 metres, were finished 
in fifty-two days, the drying of the brickwork being accelerated 
by artificial drainages. In the spring of 1889 the work was re- 
. sumed in April, and on the 4th of May the building of the stack 
was begun without the use of external scaffolding, a steam-lift 
with a portable engine being used as the height increased. The 
number of bricklayers at work was at first eight, afterwards six, 
and finally four, as the section diminished. In fine weather the work 
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was carried on at night with the aid of electric‘light, and in spite 
of several interruptions by rain and storms the work was finished 
by the placing of the cap on the 28th of October, 1890. In the con- 
struction, in addition to the iron armature, which weighs 15} tons, 
five hundred and forty truck-loads of 10 tons each of building 
materials were delivered. ‘he total cost was about £6,500. 

Il. B. 


A Method of treating Complea Silver Ores containing Zine. 
By W. West. 


(Engineering and Mihing Journal, New York, vol. li, 1891, p. 321.) 


At Thomasville, @n North Carolina, the Author, in 1889-90, 
treated several hundred tonseof argentiferous lead ores containing 
blende and pyrites, by the following method :— 

The ore was crushed, to pass a forty-mesh screen, and if con- 
taining more than 21 per cent. of zinc, pyrites was added to 
reduce it to that proportion. It was then roasted, and the sulphur 
gases, after being drawn through a coil of pipes covled with water, 
were forced by a Root’s blower through a charge of the roasted 
ore, placed in a tank with a false bottom, a jet of steam at low 
pressure being injected simultaneously with the sulphur dioxide 
gas. The result is the change of the zinc oxide to sulphito, and 
ultimately to sulphate, which may then be readily extracted by 
washing with water. It rarely happened that more than two- 
thirds of the zinc, 14 out of 21 per cent., was removed by tho first 
washing, and a repetition of the operation was necessary by which 
the whole of the zinc oxidized in roasting was removed. 

The roasting was done in a muffle-furnace of 5 tons capacity, 
and four tanks, 10 feet square and 40 inches deep, were required 
for the gassing *process, which was continued “fay thirty-six to 
forty hours. 

The extraction of the zinc sulphate was done in a second serics 
of vats, as the action of. the gas caused the charge to pack so 
closely that it was impossible to subject it to a second gassing 
until it had been opened out again. The residue of the extraction 
containing the lead and precious metals was dried upon a floor 
heated by the gases of the roasting furnace, and was thon ready 
for the lead smelters. 

The zinc in the sulphate solution was recovered by precipitating 
it as hydrated oxide with ammonia supplied in the form of gas 
from a still, and when washed, dried and heated, gave zinc oxide in 
a saleable form. The final solution was then returned to the still, 
and the ammonium sulphate was decomposed with caustic lime. 
The loss of ammonia was a little more than 3 per cent. of the 


weight of the zinc recovered. . 
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The average returns obtained from the process were the full 
assay value of the gold and silver, 80 per cent. of the lead, and 
70 per cent. of the zinc as oxide. 

H. B. 


Zine-Ore Mining in Sweden. 
(Oesterreichische Zeitschrift fuer Berg- und Huettenwesen, vol. xxix , 1891, p. 196.) 


The position of Sweden as a zinc-producing country is mainly 
due to the work of the Vielle Montagne Company, who shortly 


before 1860 purchased the Ammeberg ore-deposits, and built large 
dressing-floors and a railway to navigable water for the export of 
the product. These mines are still the principal contributors to 
the total produce of the country—72 per cetit. in 1889, the next 
place being held by the neighbouving Li ggesta mines, which, 
after lying idle for several years, were reopened in 1887, and 
Ve 1889 produced nearly one-fifth of the quantity raised at 

mmeberg. The yield for the three years, 1887 to 1889, inclusive, 
was as follows :— 


















| 1987, | 1888. 1889. 
. Dons. "Tons. Tons, 
Ammeberg . | 41679°5 | 42195°4 | 48009°0 
Liggesta . .: 561°0| 3966°6| 7784-0 
Langfallsgruben ; 1789°7 1058°2 2760°4 
Dannemora. . | 1102°3 | 1567°7| 2116-0 
Rylshytte . 2). 730°3 | 1865-3 
Kafveltorp. . | 776-7] 444-6] 824-5 
Sundry mines . 332-1 9°] 1021°8 
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49971°9 | 59381- 
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| 46241'3 
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As reggrls the yield of the ore of the total output of 126,883 
tons at Ammeberg during the years under review, 22,415 tons, or 
about 18 per cent., was lump blende, which required no dressing 
but only crushing and roasting. ‘he remainder of the output, 
82 per cent., or 102,922 tons, was mixed ove stuff, which by 
dressing gave 43,529 tons of smelting ore, or 1 ton of the latter to 
2°37 tons of the former. In the same period 64,410 tons of ore 
were roasted, giving 59,504 tons of calcined ore for export. In the 
dressing-operations 5,533 tons of lead ore were saved as an 
accessory product, or about 4} per cent. of the weight of the zinc- 
ore treated. 
H. B. 
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Stein's Concentrator. By C. BuoeMEkr. 
(Berg- und Huettenmaennische Zeitung, 1891, p. 68.) 


This is an invention of Mr. Stein, of Freiberg, and has been 
perfected and adapted to practical purposes by Mr. Bilharz.’ It. 
was first used at the new central dressing-works of the Himmel- 
fahrt mines, near Freiberg. Thi machine diffews from the older 
constructions described by Rittinger by its shaking revolving 
motion, and, unlike the newer American inventions, i.c., Fruoe 
vanner, Triumph Concentrator, &c., is adapted to separate and 
deliver from four to five grades of concentrates, or different pro- 
ducts. 

The apparatus, of which the Author gives a drawing, consists of 
a wooden frame, in which rollers are fixed, over and through 
which an endless ru8ber belt revolves. This belt is not inclined 
longitudinally, as witl the True vanners and kindred machines, 
but slopes towards the side; lengthways it is horizontal. It is 
fed from the top right-hand corner (the belt revolves from right to 
left), and discharges over the whole length of the lower edge or 
side. Adjusting-screws are fitted, to enable the belt being inclined 
to the angle most suited for the material it has to treat. ‘To 
ensure an even surface, and to avoid adhesion of the rubber to tho 
rollers, narrow troughs, continuously filled with water, are fitted 
under the belt, which form a cushion, over which it glides. Tv 
prevent the belt from running askew on the rollers, small woodou 
pivots are fixed to the underside, which correspond and fit into 
slots on the rollers. A percussion motion is effected by an eccen- 
tric, thrusting the frame, with belt, &c., forward, while a spring 
reacts backwards, knocking the apparatus against a buffer. The 
number of percussions per minuto are one hundred and fifty. The 
speed at which the belt travels is about 23? inches a second. 

The pulp, being fed on to the belt at the uppgr corner, moves 
forward with it. The effect of the percussion % to speedily 
separate the particles contained in the pulp, which adhere to the 
rubber coating and are carried towards a perforated jet-pipe, 
placed diagonally across tlre table, from the left-hand lower corner 
to the right-hand upper edge, where the feed is charged. The jets 
of water play on and towards the advancing particles, and wash 
them according to their specific gravity, over the lower edge of the 
inclined belt. <A regeiving launder, divided into compartments to 
suit the circumstances, is placed immediately under the discharging 
side of the table. For greater convenience and facility of adjust- 
ment, sheet-iron boxes can be substituted for the launder. 

The diagonal position of the jet-pipe naturally causes a loss of 
working surface on the belt, but this has been found to be 
unavoidable. _ 





ee vee ee 


1 Die Oesterrcichische, Zeitschrift, Nov 19, 1890. 
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The usual length of belting is 8 feet 24 x 2 feet 54 wide. At 
Freiberg these machines yield the following different products :— 

(1) Tailings. 

2) Iron pyrites and zincblende. 
3) Pure iron pyrites. 

4) Arsenical pyrites and galena. 
5) Pure galena. 

The discharge-surface of the different products on the lower 
side of the belt Yaries, of course, with the class of material treated ; 
the average has been found to be as under :— 

$3 Tailings, 2 feet 74 inches. 

2) First intermediate product, 1 foot 7? inches 

(3) Second - ee 1 , 72 , is feet 24 inches. 

8 Pure galena ‘ i. er ge dees Ge 

Among the principal places where these machines are in use, 
the Author mentions Ramsbeck, in Westphalia; Werlau, on the 
Rhein; Laurium, in Greece, and Muhlenbach, by Ehrenbreitstein. 

The end, or final product of the Stein Coeacentrator, is in every - 
case pure; the intermediate ones, which generally consist of galena 
und zincblende, are re-treated on the same machines, when a 
perfect separation of the two minerals is effected. 

The Author says this concentrator is one of the most perfect in 
existence for treating high-grade slimes. From a qualitative point 
of view, it does better work than any other known machine; its 
capacity, however, is not so great as the Linkenbach, or the 
revolving buddle. The Rittinger table is inferior to it, both in 
efficiency and capacity. At Freiberg the excess of work of this 
machine over the Rittinger table has been found to be 4°4 Ibs. per 
ininute. 

From a labour-saving point of view it is economical, one man 
being able to attend to three or four machines with ease. 

Experiments on galena and zincblende slimes, with Frue vanners 
and kindred machines, have not given satisfactory results, and 
the Author considers the Stein Concentrator superior to these, 
apart from the facts that its first cost is less, it requires less power, 
it is more economical to keep in repair, and requires less founda- 
tion. 

One disadvantage is that the belt is "liable to pucker, if not of 
sufficient thickness; the Author recommends } inch as the correct 
thickness. 

For the treatment of large bodies of low-grade ores, the Author 
advises a combination of two or three of thtse machines with a 
Linkenbach buddle, which latter will partially dress the pulp and 
pass the intermediate products on to Stein’s Concentrator for final 


separation. 
H. L. L. 
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A New Gold-Coloured Alloy. By T. Hexp. 
(Dingler’s Polytechnische Journal, vol. 279, 1891, p. 119.) 


The Author has invented an alloy of copper and antimony in 
the proportion of 100 to 6 which is made by melting the copper, 
and when at the right heat adding the antimony; and when both 
are melted and intimately ee fluxing the mass in the crucible, 
with an addition of wood-ashes, magnesium and carbonate of lime, 
which has the effect of removing porosity and increasing tho 
density of the metal when cast. The alloy can be rolled, forged, 
and soldered in the same manner as gold, which it very closely 
resembles when polished, the gold colour being unchanged, evon 
after long exposure to ammonia and acid vapours in the atmos- 
phere. It is also yuch strongor than gold. ‘The cost of the alloy 
in the ingot is about 1a. per pound. 

® 


If. B. 


The Influence of Hardening upon the Electrical Resistance of 
Steel. By H. re Cuareuien. 


(Comptes Rendus de ]’Académie des Sciences, Paris, vol. cxii., 1891, p. 40.) 


Hardening of steel has been of course practised for ages, but the 
principles upon which the practice is based are still not well 
understood. The question is difficult, and the mere fact that the 
chemical composition, temperature, etc., of the material are known 
does not lead to an accurate perception of what occurs.  ]*or 
example, if a bar be cut into small portions, and these brought 
close together, the electrical conductivity and density are the samo 
as in the origifial bar while the tenacity is zeré. * Without going 
to such an extreme case it may be said that all bodies are formed 
of aggregates of crystals, of which the form, size and polarity may 
vary infinitely. The internal changes appear in the grain of the 
fracture, and modify the properties of the material to a considerable 
extent. 

The hardening of stcel modifies both its chemical composition 
and its internal structure. These two results should be examined 
separately. Mr. Osmond used the variation in the condition of 
the contained carbon to designate the chemical state of the 
metal. 

The Author believes it possible to arrive at more precise results 
by investigating the electrical resistance of the material. : 

Tests were made upon wires 0°0078 inch diameter, and 3°94 
inches long. The following Table gives the resistance of the 
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metal in ohms reduced to the standard size of 39°37 inches in 
length and 0°0039 inch diameter, as well as the percentage of 
contained carbon. 


Ohms, resistance . . . . 0°190 0:250 0°27 0°22 
Percentage of carbon . . . 0°085 0°485 0°67 0°83 


The influence of the initial temperature of heating is important. 
The increase in the electrical resistance of the hardened metal 
only begins at a cértain well-defined temperature ; it is sudden, and 
does not increase with a further rise of temperature. 

The exact point at which this occurs varies slightly, according 
to whether the temperature is rising or falling, from the known fact 
of the inertia of the molecular changes, such as overheating, over- 
melting, over-saturation. The following Tsble gives the mean of 
the temperatures of the hardening with a rise and with a fall of 
temperature, as well as the resistance expressect: as a function of its 


initial value previous to hardening: . s 


Temperature, Fahrenheit . 1,282° 1,373° 1,337° 1,355° 
Resistance inohms . . . 1°13 1°18 1°55 1°60 


In these tests uncertainty as to strength occurred at the same 
time as the increase of the electrical resistance. The temperature 
of hardening of steel is thus that of the transformation of carbon 
(1,346°). These results confirm the theories of hardening obtained 
by Mr. Osmond upon this most important point, that the positive 
hardening, that is, the hardening accompanied with weakness of the 
material, has the effect of preserving, at the ordinary temperature, 
the molecular condition of carburetted iron which is only normally 
stable above 1,346°. On the contrary, these results weaken his 
theories upon the secondary point that hardening would retain part 
of the iron in the f state, that is, in the molecular state stable 
above 1,560°. If this were so, hardening should give different 
results, according as slaking took place above or below 1,560°, which 
is not the cast." Besides this, the magnetic conditions should be 
changed by hardening; but ferro-nickel and manganese steel, in 
which the existence of iron in the £ state seems certain, are not at 
all magnetic when cold, while iron and ordinary steel are so when 
heated above 1,560°. 

These tests prove that in mild steels hardening, although not 
producing weakness, yet hinders the transformation of carbon quite 
as completely as in hard steels. a 

Annealing Stecl——_When steel is heated its electrical resistance 
decreases by a quantity which increases according as the tempera- 
ture is higher, and the heating is more prolonged. There appears 
to be for each temperature a limit to this decrease which would be 
only attained after the lapse of an infinite time, but for all practical 
purposes the greater part of the annealing takes place in a very 
short time. The following Table gives the resistance of stecl 


a 
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No. 3 slaked off in water at 50°, and then annedled for a minute at 
increasing temperatures. 


Temperatures . . 50°. 250° 400° 590° 725° 840° 1,020° 
Resistances inohms. 1°55 1°47 1°29 1:15 1-10 1-07) L-od 


The Effect of Temperature of the Slaking-trough.—The results 
obtained in slaking steel in baths at an increasing temporature 
have been, so far as electrical sesistance is concernod, similar to 
those obtained by slaking off at a low temperature, and then reheat- 
ing to the temperature of the slaking-trongh. In considering the 
change of resistance during the hardening, 1t must be romembered 
that the temperature of the specimen and of the fluid is quickly 
equalized with wires of 0°0078 inch diameter. Then the con- 
dition of the wire remains constant for a period varying from some 
seconds to several minutes, according to the temperature and to 
the quality of the@steel, and the metal is completely hardoned. 
Then the process of ye-heateng begins quickly and continues at a 
rate which falls rapidly. The phenomenon is similar to the 
freezing of water, the temperature of which has been lowered 
below the normal freezing point by a rapid cooling. Tho same 
retardation in the transformation is not noticoable in the ordinary 
method of annealing by re-heating. 

The results collected in the following Table were obtained by 
slaking steel heated to a temperature between 1,272° and 1,652° in 
baths at variable temperatures, retaining it in the bath for one 
minute and then allowing it to cool down in thie air. 


: : Obms Resistance, 
Cold water, mercury, and a freezing mixture 1°18 1°18 1°55 1-60 


Boiling water 2... 1 wee. 206 1°09 teas 1-09 
Nitrates of the alkalis, at 480° . . . . 1°08 1°15 1°55 1-40 
2 G60? 2... 102 107 ce 1-17 
' as 840°... 102 1-01 1-01 1-03 


Steel No. 3 gave in certain cases discordant results from the fact 
of the retardation in the annealing referred to above, and which 
varied from one test to another. The effect of slaking in boiling 
water is almost nothing, cooling takes place so slowly as to allow 
of the production of recalescence. 

This first series of tests demonstrates the fact that by measuring 
the electric resistance of the metal, the state of the contained 
carbon may be ascertained and also to some extent the part of it 
which is transformed in steel which has been hardened. ‘This 
method will be used by the Author in further research into the 
mechanical properties of steel. 

KE. R. D. 
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On the Electrical Resistance of Metals. By H. ie Cute ier. 
(Comptes Rendus de ]’Académie des Sciences, Paris, vol. cxi., 1890, p. 454.) 


This is a sequel to the Author’s Paper on the “Influence of 
hardening upon the electrical resistance of steel,’ and is an 
application of the same method to a new series of metals and 
alloys. ‘ 5 

Those metals which show no molecular changes before fusing 
have electrical resistances which vary directly with the temperature 
plus a constant, as is illustrated by the following examples. 


RESISTANCE IN Oums OF Wrres 0:'0039 Inc DIAMETER. 


Pt. 2. ee eh eh he lee lee «140 + 0000180 (t + 32°) 
Pt+10 percent.Rh . . . . . «6(0°335 40000195 (¢ + 32°) 
Cu. 2... ew ew ew ee ee 0082 + 0°000055 Ct + 32°) 
Cu +10 percent.Sn . . . . . 0°150 + 0°000060 (¢ 4+ 32°) 
Cu +20 percent. Ni . . . . . 0°420 + 0°000060 (¢ + 32°) 
Ag. .« 6 «© «© «© «© © «© « « 09023 + 0°000058 (¢ + 32°) 


where ¢ stands for the temperature in degrees Fahrenheit. 

It will be seen that copper, silver and their alloys, have a 
coefficient for temperature almost identical and approximately 
0-000060; while the coefficient for platinum and its alloys is three 
times as great. 

Silver has an interesting peculiarity, for when heated in oxygen 
its curve for electrical resistance remained quite straight, its 
mechanical properties were not changed, and its melting point was 
found to be 1,733°, which is almost identical with that of 1,750° 
given by Mr. Violle. When, on the other hand, it was heated in 
hydrogen all its properties were changed from the temperature of 
1,200°, its resistance increased more rapidly than when in oxygen, 
and the metal after cooling showed great loss of strength; wires 
of 0°001 inch diameter could not be bent withéut breaking, and 
the melting point was lowered to 1,680°. The metal takes on a 
dull appearance similar to that of palladium obtained by deposition 
from its hydrate. These facts prove shat silver at a red heat 
occludes hydrogen. The Author states that he believes that the 
ene of hydrogen occluded is too small to form a definite 
chemical compound, and that the metal does not retain a measurable 
quantity of it after cooling. 

A large number of the metals show like iron sudden molecular 
changes which occur at well-defined temperatures. 

The electrical resistances then show at those temperatures sudden 
variations in their law of increase, but their absolute value does 
not change on passing a point where these changes occur, as is the 
case at the melting point. The Author then gives curves demon- 
strating these phenomena. The best result was obtained with an 
alloy of a composition, Cu 70, Ni18, Fe 11. The temperatures 
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at which molecular changes occur in some of the specimens aro as 
follows :— 


Zinc ee ee ea ee ee ee 680° 
Brass, with 38 per cent. of zine... wk OBO, 880° 
Alloy Cu, Fc, Ni. 2. 1. ww, 1,270° 


The Author has found by direct experiment that in brass the 
molecular change is accompanied by a considerable absorption of 
latent heat. Some alloys show progressive molecular changes 
which call to mind those observable in the chemical equilibrium of 
saline solutions such as those of tho salts of chromium and of 
chloride of copper, &c. The transformation is not instantaneous, 
but takes place as a rule within a limited range of temperature, as 
may be seen with aluminium bronze, containing a small percentage 
of silicon where the change takes place between 1,020° and 1,200’, 
The metal should be hardened above the latter temporature. 
German-silver and#%the alloys of copper and nickol show this 
peculiarity to a markesl exter; when these alloys aro heated their 
resistance decreases considerably from 570° to 930°, and in order to 
observe the result a specimen must be taken which has been 
annealed and cooled very slowly. In the case of German silver, in 
order to avoid almost complete hardening it is necessary to allow 
several hours fcr the cooling down from 930° to 570°. The presenco 
of small quantities of foreign matter seems also to hinder the 
transformation ; the amount of the change seems also to vary 
considerably with different specimens, and may be entirely absent. 
as is the case with the specimen of copper containing 20 por cent. 
of nickel, the resistance of which was given above. ‘Tho following 
figures relate to three specimens chosen out of a dozen which were 
tested :— 





Temperatures. 


s2°= 390° +670? | 750° | 930°, | 1,200° | 1,650 





i 
' 





! 
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Cu 50. . | 0°465 8 0°480 | 0°505 | 0°520 | 0-518 °| 0°530 | 0°552 
Ni 24. . | 0°495)  -0°513) |) 0°527 0°525  , O°518 0°530 : 0° dn2 
7n 25. . | 0°514 | 0°527 0) 0°537 Q°925 ' 0518 0°5300 |. Or5a2 
Cu6é... | . ! 
Nill. .}; 0°285 ° 0°308 | 0°320 | 0°330 «= 0°338 = 0°852 | «O° 390 
Zn 22. | 


Cusl. 1 9.485  0:497 . 0°500 | 0-492 0-475 0-478 | 0-492 
Ni 18 * . 2 | | 





The first of these alloys gave the best marked transformation. 
The three series of readings were taken during the heating of 
oe which had been cooled at different rates, and which were 
therefore hardened to different degrees. 

These tests show the cause of the well-known effect that standard 


resistance coils of German silver do not remain constant for an 
® 


~ 
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indefinite time, and why their resistance increases. This effect 
arises from the fact that the wires employed are always partially 
hardened and gradually become annealed spontaneously from the 
effect of slight wariations in temperature,.of mechanical forces, or 
of the lapse of time. A similar spontaneous annealing is observable 
with hardened steel wires, which shows itself by a change of the 
resistance in an opposite direction. 

The Author gives in the last Table the results obtained with 
specimens of allovs of iron and nickel. Some of them show different 
resistances in heating, and in cooling, that is to say, the changes 
produced by raising the temperature are not immediately re- 
versible; the changes are only observable on the return when the 
temperature is at about the same as that of the surrounding air. 





{ a 
Temperatures. 


























gh e of ea nr ene ee foruaten 
g2° | 890° | 760° | 1,119° 1,470° 1,800, *°"** 
_ eed a 
Rising . | 0°36 | 0-45 | 0°59 | 0-90 | 1°38 | 1-50 |{1+290 
P (1,530 
Vralling . | 0-36 | 0-54 | 0°77 | 1-35 | 1-45 | 1°50 | 1,110 
yy {Rising | | 0-98 | 1-15 | 1-30) 1-42 1-51 | 1-55 | Ni. 
° 4 Kalline | 0-98 ' O-81 | 1-10 | 1-42 | 1-51 | 1-55 | 1,020 
‘ '{Rising and aw wees . for : P 
35 falling . 0°59 | 0-84 | 1-04 | 1°10) 1-13} 1-18] 750 
‘(Rising and a ai ; : : ree) Suwa ‘ 
50 { fallin : 0-46 0-80 | 114 | 1-28) 1:82 1-36) 860 





| 
{ 
) 





It will be seen that at temperatures above that of transformation 
iron, nickel and their alloys exhibit a law of change for the 
electrical resistance which is similar to that of platinum and its 
alloys, while at lower temperatures, on the contrary, the law of 
change is infinitely more rapid. 

“ a K. R. D. 


On the Changes in Resistance of Bodies under Different 
Electrical Conditions. By E. Branty. 


(Comptes Rendus de l’Académie des Sciences, Paris, 1891, vol. cxii., p. 90.) 


The Author read a Paper before the French Academy of Sciences 
upon the changes in conduction of bodies under varying electrical 
conditions. In a certain number of tests he used as a conductor a 
very thin plate of copper coated in certain cases with a little tin 
and stretched upon a rectangular plate of unpolished glass or of 
ebonite of about 2:75 inches in length, and 0°78 inch in width. 
The resistance of this sheet of copper, which was polished with a 
burnisher varied from a few ohms up to several millions for the 
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- game weight of metal. The electrical circuit was made by moans 
of two narrow strips of copper parallel to the short sides of the 
rectangular plate, and forming good contact with it by means of 
screws. When the two copper strips were raised the plate was 
cut out of the circuit. The Author also used as conductors tine 
metallic filings of iron, aluminium, antimony, cadmium, bismuth, 
&c., which he sometimes mixed with insulating liquids. The 
filings were placed in a tube of glass or ebonite, and wero held 
between two metal plates. When the electrical circuit, consisting 
of a Daniell cell, a galvanometer of high resistanéo, and the metallic 
conductor, consisting of the ebonite plate, and the sheet of copper, 
or of the tube containing the filings, was completed, only a very 
small current flowed ; but there was a sudden diminution of the 
resistance which was proved by a large deviation of the galvano- 
meter needle when one or more electric discharges were produced 
in the neighbourhood of the circuit. In order to produco those 
discharges a small JVimshurst influence machine may be used, with 
or without a condenser, or g Ruhmkorff coil. The action of thio 
electrical discharge diminishes as the distance increases; but the 
Author observed it easily, and without taking any special pre- 
cautions, at a distance of several yards. By using a Wheatstone 
bridge, he observed this action at a distance of 20 yards, although 
the machine producing the sparks was working in a room separated 
from the galvanometer and the bridge by three large apartments, 
and the noise of the sparks was not audible. Tho changes of 
resistance were considerable with the conductors described. They 
varied, for instance, from several millions of ohms to 2000, or even 
to 100, from 150,000 to 500 ohms, from 50 to 35, and so on. ‘The 
diminution of resistance was not momentary, and somotimes it was 
found to remain for twenty-four hours. Another method of making 
the test was, by connecting the electrodes of a capillary electro- 
meter to the two poles of a Daniell cell with a sulphate of cadmium 
solution. The displacement of mercury which takes placo when 
the cell is short-circuited, only takes place very slowly when an 
ebonite plate, covered with a sheet of copper of high resistance, is 
inserted between one of the poles of the cell, and the corresponding 
electrode of the electrometer ; but when sparks are produced by a 
machine, the mercury is rapidly thrown into the capillary tubo 
owing to the sudden diminution in the resistance of the plate. An 
examination of the conditions necessary to produce these results 
leads to the following data:— 

1. The circuit need not be closed to produce the result. 

After testing some plates, and having found them to bo of high 
resistance, the Author lifted the copper contact strips and thus 
insulated the plates completely during the time when tho sparks 
passed ; when the strips had been replaced, and the circuit closed 
through the Daniell cell and the galvanometer, it was seen that 
the effect had been produced although the diminution of resistance 
is more marked if the plate, while on open circuit, is still fastened 
to the conductors. 
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2. The passage of an induced current in the body produces a 
similar effect to that of a spark at a distance. The Author then 
describes some of the apparatus used. 

8. An induction-coil with two equal lengths of wire was used, a 
current is sent through the primary while the secondary forms 
part of a circuit containing the tube with filings and a galvano- 
meter. Before closing the circuit a test is made to see that the 
current at make and break gives the same deviation on the galvano- 
meter. The filings are then placed in the secondary circuit, and 
the primary openefl and closed at regular intervals. The following 
Table shows how the two induced currents caused the resistance of 
the filings to vary :— 


Zine filings . . . . «~ Ist closing, 1 Ist opening, 18 
i ee ee a ss Ce 2nd =,, =: 100 

‘4 . . « « » 8rd, 146 " 3rd, 140 
Aluminium filings . . . Ist ,, 1 Ist - 5 
‘3 i . . . 2nd , 40 _2nd __s,, 47 

9 $3 . . . 8rd, 59 3rd is 81 


These deviations were obtained with an induction coil without 
core. The results obtained with a core were almost identical. 

4. When working with continuous currents the passage of a 
strong current lowers the resistance of the body for feeble currents. 
A circuit was used consisting of a battery, the body to be tested, 
and a galvanometer; the electromotive force of the battery used 
was 1 volt at first, then 100 volts, and then again 1 volt. The 
deviations of the galvanometer-needle for the currents produced by 
the electromotive force of 1 volt before and after the passage of 
the current produced by 100 volts, was-as follows :— 


Before After 
Passage. Passage. 


Ist plate of cbonite coated with copper . . . . 16 100 
2nd i vg fe Ge ee. 15 
TYOU SHINES. a 4 aes ON we ca OR eS Se a ee, OE 500 


Summing up, the Author states that in all these tests the use of 
ebonite plates covered with copper or mixtures of copper and tin 
was less satisfactory than the use of filings; with the plates he 
was unable to obtain the initial resistance of the body after the 
action of the spark or of the current, while with the tubes and 
filings the resistance could be brought back to its normal] value 
by striking a few sharp blows on the support of the tube. 

K. BR. D. 


A Simple Method of Dynamo-Design. By Tuorsurn Ret. 
(Electrical Engineer, New York, vol. xi., 1891, pp. 134, 160.) 


The Author discusses first the formulas given by Kapp, and 
objects to them because in bringing in the constants required for 


‘ 
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the practical evolution of the design, the form ‘of the equation is 
changed from the simple relation between the “ magneto-motive”’ 
force, and the magnetic resistance of the three component parts of 
the magnetic circuit (magnets, armature and air-space) into ono in 
which this ratio is lost, and the engineer consequently works with- 
out a sufficiently intelligent grasp as to effect of each portion of 
his design. 

The method advocated is as fgllows :—The saturation-curvo of 
the cast- and wrought-iron employed in the mawufacture is first 
obtained, either by furnishing samples to an electrical laboratory 
or by the engineer himself; and here tho remark is made, that. the 
iron from any given manufacturer is sufficiently constant in its 
magnetic qualities to allow of one set of curves being adopted for 
that. These curves, wjth that for air (for copper is stated to he 
practically the same), being plotted to a suitable scale, and in the 
units adopted for the mechanical execution of the design, serve to 
determine the number of ampere turns required for exciting the 
magnetic field; a specfinen at of such curves is inserted in the 
Paper. Given, then, the length and cross-section of cach of the 
three component parts of the magnetic circuit, and assuming a 
leakage coefficient for the magnetic lines (dependent on the form 
of the magnet, and for a horse-shoe usually about 1:3), the total 
number of lines per unit of area required to produce the electro- 
motive force are given, and entering the curves with this quantity, 
the whole process of determining the number of ampere turns 
required for each portion of the magnetic circuit is fully detailed. 
This method is applied to the calculation of these quantities for 
an Edison-Hopkinson machine, of which details wore published in 
the London Electrician for 1886, p. 39, and the difference betweon 
the actual values and the calculated is only three per cent. 

¥. J. 


Ad . e 
Accumulators in Central Stations. By Hermann Mvewurn. 
(Elektrotechnische Zeitschrift, 1891, p. 2.) 
» 


In this article the Author describes in detail and illustrates by 
diagrams various methods for using accumulators in connection 
with direct current dynamos in Central Electric-Light Stations. 
The first station eqyipped according to the Author’s method was 
Barmen in 1887. The battery is placed in parallel with the 
dynamo, and is provided with a charging and a discharging switch 
s0 that by suitably manipulating these switches the dynamo 
current can be utilized partly for charging the battery and partly 
for diaect lighting as long as the demand for current is small. At 
maximum demand the dynamo current is supplemented by the 
battery current. The Author next describes a modification of his 
method arranged for the three-wire system with two batteries and 

2E 2 
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two dynamos, and finally another modification with only one 
dynamo (or group of dynamos coupled parallel) and two sets of 
batteries feeding a three-wire net-work. Special switches are 
employed by means of which the pressure at the station end of 
the feeders can be independently regulated in order to keep the 


pressure at the feeding points uniform throughout the district. 
G. K. 


a een 
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Efficiency of the Transformer. 
By Cavin Humpurey and W. H. Powe. 


(Transactions of the American Institute of Electrical Engineers, 1890, p. 311.) 
@ 


The Authors describe experiments made on a forty-light trans- 
former, the method adopted being similar to¢hat which was used 
by Prof. Ryan and Mr. Merritt in their ,investigation of a ten- 
light transformer submitted to the Institute in December of the 
previous year. The instantaneous values of current and electro- 
inotive force were obtained by a commutating device fixed to the 
spindle of the alternator. This consisted of a wooden disk with a 
contact pin at the periphery revolving with the shaft, and a second 
wooden disk, having a contact brush which could be set in different 
positions so as to collect the electromotive force existing at any 
instant. The electromotive force was measured on a quadrant 
electrometer to which a condenser was connected. Current 
measurements were made by the same apparatus by determining 
the potential difference between two points of a non-inductive 
resistance. The Authors give numerous diagrams showing the 
actual shape of current and electromotive force curves, and a 
diagram showing an efficiency curve computed from these curves. 
The efficiency at normal load is 96°2 per cent., and the “all-day 
efficiency ” is 90 per cent. 

* G. K. 


e e e 
The Cost of Electric Street-Mains. By Dr. Gustav Rascu. 
(Elektrotechnische Zeitschrift, 1890, p. 658.) 


The Author bases his calculation on the formula: cost of 
cable = a V + b L,in which a and b are constants depending upon 
the price of copper, and the price and quality of the insulating 
material, whilst V represents the volume of the cable, and L its 
length. By means ofthis formula he obtains approximate estimates 
for the various arrangements of feeders and mains which my be 
adopted in any given case of distribution, the mains being 
calculated for an equal maximum drop in pressure, and the feeders 
for equal energy loss Comparing first the three-wire with the 
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two-wire system, he finds that the total volum@ of copper in the 
former is 60 per cent. of the latter, whilst tho length is 150 per 
cent. This refers to the mains, whilst in the feeders the volumo 
is 27°6 per cent. of an equivalent two-wire feeder and the length 
150 per cent., there being three wires instead of two. The 
differential current in the middle wire is assumed not to exceed 
10 per cent. of the total current. For the four-wire system tho 
Author finds the following figures of comparison with an equivalent 
two-wire system. Mains: volute, 46°6 per cept.; longth, 200 
per cent. Feeders: volume, 16 per cent.; length, 200 per cent. 
Similarly for the five-wire system. Mains: volume, 40 per cent. ; 
length, 250 per cent. Feeders: volume, 9:4 per cent.; length, 
250 per cent. <A practical example is given to explain tho 
application of these figures. The Author assumes that the foeders 
and mains for a certain area of distribution have been formed on 
the two-wire system. The question to be solved is how far can 
the total cost be duced by adopting a multiple-wire system. 
The figures for the tw8-wire ae are :— 


Volume of mains, 1,500,000 cubic centimetres; length, 5,000 metres. 
“5 feeders, 1,600,000 __,, re; re 10,000 ie 


The cost of the various systems is then found to be as 
follows :— 


System. Two. Three. Four. Five wires. 


Cost in £ 5,775 3,699 3,685 3,935 


In conclusion the Author points out that his method does not 
pretend to be more than a rough approximation to be used in 
working out preliminary estimates. 


Gr. Is. 


The Verona flectric-Light Station. By Waren Mena. 
e 
(Elektrotechnische Zeitschrift, 1891, p. 25.) 


This station has been at,work since last September, and, although 
unimportant as regards total capacity, the Author considers it 
interesting enough for description on account of certain details. 
The boilers and engines are of Italian make, the dynamos of 
German make. The engines are vertical compound tandem 
engines developing’ each 85 HP. at 265 revolutions per minute; 
each engine drives by belts two dynamos which feed a three-wiro 
net-work. The belt speed is 4,500 feet per minute, or considerably 
more than customary, but the Author states that no difficulty has 
arisgp from the high belt-speed. The distributing system is 
overhead, and the streets being too narrow to admit of the erection 
of posts, the wires are carried by iron brackets fastened to the 
houses at a height between the first- and second-floor windows. 
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The average length of each feeder is 4,000 feet and the average 
current in each feeder is 8350 amperes. The wires are naked, and 
no stouter wire than 275 mils diameter has been used, as it 
was found impossible to properly strain heavier wire. The total 
length of net-work is about 26,000 feet and the total length of 
single wire erected is 380,000 feet. All junctions are made by 
means of fuse boxes. The cost of the street-mains amounted to 
308. per 16 candle-power lamp. GK 


t 
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Comparative Tests of an Electric Motor and a Steam-Locomotive. 
By Lrxcotn Moss. 


(Transactions of the American Society of Civil Engineeys, vol. xxiii., 1890, p. 193.) 


The tests described in this paper were made on the Manhattan 
Elevated Railway, New York, in February, 1839, on a section of 
road 1°76 mile long. The trial teains were made up of the 
electric or steam locomotive and empty cars, each weighing 29,500 
Ibs. At first two cars were attached, then three, and finally four. 
The generating-station for the electric service contained a steam- 
engine capable of developing 400 I. HP. and four 50 HP. dynamos ; 
but the Author does not state the current or voltage. The 
positive conductor along the railway consisted of 3 in. diameter, 
copper rods, bolted to the wooden guard timbers by insulated 
clamps. The insulation resistance is not given. The return 
circuit was through the rails. The motor was connected by steel 
spur-wheels with the rear axle, and the latter was geared with the 
front axle by coupling rods. The wheels were 48 in. diameter, 
and the maximum pull exerted by the electro-motor at the moment 
of starting was 4,500 Ibs. The weight of the locomotive exceeded 
10 tons. A Shaw hydraulic dynamometer was used to determine 
the pull on the draw-bar. 

Diagrams are given, showing the profile of the line and the HP. 
exerted on tho “rain, and indicated in the enfrine at the same 
moment. Indicator-cards were taken throughout the run at 
intervals of 16 seconds, and the nett HP. transmitted to the train 
was determined from the observed speed and pull on the draw- 
bar. The indicated power averaged 176°8 I. HY., and the average 
nett train-power 26-7 HP., making the average efficiency 15 per 
cent. Speed about 10 miles per hour. When a steam-locomotive 
was used, the average indicated power was 25:92 I. HP., and the 
average net train-HP. was 21:95 HP., making the efficiency 85 

er cent. The speed was slightly lower. 

The Author concludes the paper by a comparison of the working 
_ expenses of the two cases, and finds that electric propulsion, at the 
moderate speed of 9 or 10 miles per hour would cost 2°38, and at 
15 miles per hour four times as much as haulage by steam- 
locomotives. 

pearraeeel se rte een oe oe Seuss ne Re G. K. 
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The Heating of Naked Copper Wires by a Current. 
By U. Barsiert 
(Elektrotechnishe Zeitschrift, 1891, p, 30.) 


The Author gives an account of experiments carried out in the 
Munich Electrical Laboratory *to determine gho coefficient in 
the temperature formula c?/7r? (¢ being the cnrrent and r the 
radius of the wire) for copper wires of 20, 40, 60 and 80 mils 
diameter. <A piece of the wire to be tested was firmly attached to 
the wall of the room at one of its ends, and the other end was led 
over a pulley and strained with a suspended weight of about one- 
tenth the breaking sfress. A mirror fastened to the pulley in 
conjunction with a scale and telescope permitted an exact deter- 
mination of the eloigation of the wire when heated by a current, 
and the temperature was calfulated from the observed clongation. 
The Author finds that the coefficient depends on tho size of the 
wire and also to a certain extent on the current, but taking 
averages as regards the latter variations the following Table gives 
the coefficient for the different wires. 


Diameter of wire in mils . . . 2() 40 60 89 
Cocflicicnt . . . . «6 « © O'OIS O°024 0°080 0:°086 


The highest temperature reached in these experiments corre- 
sponded tv a rise of 200° Centigrade over the temperaturo of the 


rooni. 
G. K. 


The Electrical Resistance of Gases in the Magnetic Preld. 
= By A. Wirz. ee 


(Journal de Physique, 1891, vol. x. p. 68,) 


If a tube provided with suitable terminals and filled with a gas 
be placed in a magnetic field, the potential between its terminals, 
when excited by a Ruhmkorff coil, increases with the intensity 
of the field. The term resistance, as applied to such a tube, is 
hardly correct, as*there is no fixed relation, as in ordinary 
conductors, between current and electromotive force, and the 
Author therefore gives in each series of experiments the value of 
electromotive force and current observed, the former by a spark 
micrometer, and the latter by a special galvanometer. The 
portion of the tube subjected to the magnetic field, is of con- 
siderable influence on this effect, but this again varies with the 
nature of the gas. Thus for air the maximum occurs opposite the 
negative pole, and is greate:® there than at the positive pole ; 
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while for bromine, chlorine, etc., it is just the opposite. If the 
line of magnetic force traverses the tube parallel to the length, the 
effect is almost nil. The effect also varies considerably with the 
pressure of the gas, thus.at a pressure of three atmospheres the 
alteration in resistance is very small, while at a pressure of about 
+}y of an atmosphere the resistance increased tenfold, showing 
that the magnetic field acts on the electric stream and not on the 
spark. The effect is ascribed to the change in the capacity, which 
modifies the state of vibration of the gaseous particles. ate 





The Petroleum and Inflammable Gas of the Trenton Limestone 
an Ohio and Indiana. By Epvwarp Orton. 


ts 
(Eighth Annual Report U.S. Geological Survey, Part II., 1890, p. 483.) 


In certain districts of Ohio and Indiana the Trenton limestone 
has been recently found to be one of the most important sources 
of petroleum and gas in the United States. The principal centres 
of development are, in Ohio, at Findlay, about 45 miles south of 
Toledo on Lake Erie, Lima, and Saint Mary’s, near the western 
boundary of the State, and in Indiana, a district about 60 miles 
by 40 of an area of about 1,800 square miles, the centre of which 
is about 60 miles N.W. of Indianapolis. In both States the 
geological conditions are similar, the gas-field being limited to a 
higklying area of the Trenton limestone which is nearly flat, 
forming a subterranean terrace about 300 to 350 feet below the 
sea-level, covering the districts in which the same limestone is at 
greater depth, being unproductive for gas though sometimes pro- 
ducing oil. The surface, which has a maximum elevation of 
about 400 feet above Lake Erie at a distance of 60 or 80 miles 
from it, is deeply, covered with drift deposits, and the drainage 
being sluggish, swampy and marshy areas abound. The district 
was in early times known as the Black Swamp. At Findlay, 
where the gas has been most largely developed, about twenty 
wells were active in 1885, but of variable yield, some of the 
smaller ones falling below 200,000 cubic feet a day, while at 
the other end of the scale the Karg well, when measured in 
May, 1885, delivered from a 4-inch pipe a little more than 
12,000,000 cubic feet per day, the volume being computed at 
50° Fahrenheit. Similar measures made on five other wells 
showed a daily production from 1,159,000 to 3,318,000 from 2-inch 
pipes. The depth of the wells varies from about 1,000 to 1,100 
feet from the surface, and the maximum or rock pressure when 
the gas is shut within the well is from 300 to 400 Ibs. per sqffare 
inch, or only about half of that observed in the great gas-wells of 
Pennsylvania, where from 750 to 950 lbs. has been observed. The 
open pressure, or that registered onea gauge held on the current of 
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escaping gas from a pipe of any size, is consiflerably less. Tho 
highest ee noted in the casing pipe, 53 inch diameter, of any 
Qhio well is 64 Ibs. per square inch ;, but this is rapidly increased 
when the area of the well is contracted. A well that gives 6 Ibs. 
in the casing shows 20} lbs. when the gas is made to escapo 
through a 4-inch pipe. The methods of determining the volume 
of gas escaping from a high-pressure woll are duo to Professor 
S. W. Robinson, who undertook his investigations for the Ohio 
Geological Survey, and worked them out upon the great wells of 
Findlay, and especially on the strongest of all, namely tho Karg 
well. These methods are very simple and easy of application, 
the strongest of gas-wells, provided the gas is dry, can be 
measured by a single observation that need not occupy more 
than a few seconds. The appliance adopted where tho pressure is 
moderate is the Pitot tube, the pressure. being read in inches 
of water or mercury, and the velocity in feet per second found 
by the expression— co 

> yvyiss-1lVh, 


hk being the height of the water column in inches. The daily 
discharge is— 
V = 86400 v a, 


a being the area of the delivery-pipe in superficial feet. 

In the larger wells a steam-gauge is used to read the pressure, 
and the velocity is computed by the formula for adiabatic flow 
where a gas flows from a receiver into a space outside with a 
relatively large fall of pressure. ‘I'he mathematical discussion of 
the problem is given at length in Vol. vi. of the ‘“ Reports of 
the Geological Survey of Ohio,” but not reproduced in the present 
Report. The numerical results are however exhibited in tables, 
in which the volumes are given for wells from 11°6 inches 
diameter for pressurés from 0-1 inch of water to 60 lbs. per square 
inch. Where theeflow is less than 1,000,000 cubig feet per day 
the velocity may be directly determined by an anemometer. 

The gas from the different wells is remarkably uniform in 
composition in both States, the analysis varying between the 
following limits— 














Minimum Maximum 

— Per cent. Per cent. 
Hydrogen. | 1°2 2°35 
Marsh gas wsti(«“ 92°67 94°16 
Olefiant gas... we | O°15 | 0°49 
Carbonic oxide . 0°41 0°73 
_— Carbonic acid | 0°20 | 0°30) 
Oxygen . | 0°30 0°40 
Nitrogen. 2. 1. wk | 2°80 | 3°82 
Sulphuretted hydrogen . | O°15 : Q-21 
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Although employed both for lighting and heating, the chief 
value of this gas is for the latter purpose. Theoretically about 
31,000 cubic feet are equal in calorific power to 1 ton of 
Pittsburg coal, but practically less than half this amount of gas 
will do the work done by 1 ton of coal. The chief drawback is 
in the sulphur compounds contained, which renders the gas 
offensive when diffused. This, however, is not an uncompensated 
disadvantage, as even the smallest leakage is immediately dis- 
closed by the small, and thus dangerous accumulations may to 
some extent be guarded against. The chief use is, however, in 
raising steam and in heating for iron and steel manufacture. At 
the Briggs Tool-works in Findlay the gas was first used for 
welding iron and steel in June, 1886, doubt having been 
proviously felt as to the practicability of this application owing 
to the sulphur contained in the gas, but it has proved thoroughly 
adequate to the service. : 

A more important application of the gas is, however, in the 
manufacture of glass, for which it is so completely adapted that a 
great advantage is given to localities where it can be commanded. 
The principal seats of glass manufacture in Ohio are at Wheeling 
and Bellaire, and large sums have been expended in the searck 
for gas near those places but without result. It is therefore 
either brought by pipe-lines to the works, or the latter are bodily 
transferred to the gas-fields. The first glass-works in Findlay 
was built by a Bellaire firm in 1886, and the fuel bill for the 
same scale of operations, which would have been £60 per montt 
in tho old location, was reduced to £40 per annum. Since that 
date six other glass-works, as well as three rolling mills, have 
been established. 

In the Indiana gas-fields the conditions observed are similar tc 
those prevailing in the Findlay district, the upper surface of the 
productive gas-rock lying from 65 feet above to 90 feet below 
the sea-level, or from 875 to 975 feet below the surface of the 
ground. When the rock is more than 100 fegt below the sea- 
level the bore-holes almost invariably yield salt water. The 
essential condition for gas-production is that the rock should be 
porous, and this is only realized in those districts where the 
T'renton limestone, which is over the greater part of its area, is 
compact, and nearly pure carbonate of lime is converted into | 
dolomite, the change being accompanied by the developmen 
of a crystalline structure with large interstitial spaces. In the 
most productive wells the proportion of carbonate of magnesia ir 
the rock varies from 37 to 43 per cent., and that of carbonate o. 
lime from 52 to 56 per cent., while in the dry wells the forme: 
constituent is sometimes as little as 1 per cent., or even entirely 
absent, the well being a nearly pure limestone. In this cellula 
rock the gas and oil accumulates in the higher parts ofthe 
slightly undulating surface of the rock, these lighter substance: 
being imprisoned by the pressure of salt-water in the lowe: 
portions of the bed. ‘ It is noticeable that this brine contain 
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a much larger proportion of calcium and nfagnesium chlorides 
than sea-water, and therefore that it represents an ancient bittern, 
or mother liquor remaining after the separation of salt by 
atmospheric evaporation. : 

A large number of wells have beon drilled in the field in 
Indiana, the most important one being at Fairmont, which 
yielded 11,500,000 cubic feet in June, 1887; several others 
yielded from 1,000,000 to 5,000,000, and at a few points larger 
ones from 5,000,000 to 11,000,600 feet have leon struck. ‘The 
supply has been far in excess of any considerable demand, as the 
district 1s mainly an agricultural one, and the discoveries have 
led to sharp competition between the localities, most of the towns 
offering land for building free of charge, and also free fuel for the 
purpose of attracting population, and, in the words of the Author, 
a vandal-like waste has characterized the early exploitation of 
most of the subdivisions of the field. Numerous industries, 
including especial®y glass manufactories and rolling-mills, are, 
however, being brought intothe more promising of the towns, and 
a rapid and substantial growth is going forward in many of them. 

The Inma Oil-field.\—This district, which the Author considers 
to be second only in productive power to the great Russian 
oil-field on the Caspian, is situated midway betwoon tho Indiana 
and Ohio gas-fields. As far as proved at present it consists of a 
tract 8 or 10 miles long and from 2 or 3 miles broad. The 
surface elevation averages from 850 to 900 feet, and the pro- 
ductive area is limited to a flat-lying terrace of Trenton limestone, 
between 875 and 390 feet below the sea-level, the dead-hne, 
where only salt-water is found, being at 400 feet. The ficld isa 
very productive one, in fact the output has been restricted owing 
to a difficulty in disposing of the product; the highest daily yield 
is not far from 14,000 barrels. In July, 1887, the price obtained 
was only 15 cents (74d.) per barrel of 40 gallons. In the North 
Baltimore field single wells have yielded as much as 5,000 gallons 
per day, while nearly one half of the wells in operation at that 
period gave 100 Barrels or more. . 

The Trenton limestone oil is of dark colour, rather low in 
specific gravity, 0°31 to 0°42, and containing some sulphur com- 
pounds which make it rather offensive and difficult to refine. 
These drawbacks make it unsuited for compotition with the purer 
oils from Pennsylvania as an illuminating material; but it.is well 
suited for fuel. Four barrels of oil are considered equal in 
heating power to ] ton of bituminous coal, and at the present 
price a3 cents. per barrel) it could scarcely be displaced by 
natural gas. An enormous stock of power vastly greater than 
that of the natural gas-fields is made available in the ‘Trenton 
limestone oils. 

= . H. B. 


—}* The Lima oil is used as boiler fucl at the works of the Illinois Stecl cmrehy 
ut South Chicago, whence it is conveygd by a pipe lind 208 miles in length —ELB. 
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